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I. SrnIARY 

The General Electric Company, under  Contract hTAS 3-9422, has  completed 

the   des ign ,   bu i ld ing ,   per formance   and   endurance   t es t ing   o f   an   e lec t romagnet ic  

pump f o r   u s e  as a b o i l e r   f e e d  pump i n  a potassium  Rankine  cycle  space electrical  

power system. The pump has  a d e s i g n   f l o v  rate of 3.25 l b / s e c  a t  a developed 

head  of 240 p s i ,  when pumping potassium a t  a temperature  of 1000°F. 

T h i s   r e p o r t   ( P a r t  111 of   th ree   par t s )   descr ibes   the   endurance  test over 

a period  of  10,000  hours,   along  with  the  f inal   performance tests, some of 

which were made wi th  a quasi-square wave power supply  from a .DC t o  AC in-  

verter. P a r t  I of t h e   r e p o r t   d e s c r i b e d   t h e  pump des ign ,   fabr ica t ion ,   and  

assembly.  Part  I1 covered   the   des ign   and   fabr ica t ion  of t h e  test f a c i l i t y ,  

a long   wi th   the  extensive performance test series p r i o r   t o  start of the 

endurance tes t  program. 

The endurance test a t  des ign   po in t   cond i t ions ,   i n i t i a t ed   immedia t e ly  

a f t e r   comple t ion   o f   t he  first performance tests, was cont inued  for   10,000 

hours  with  only a few s h o r t   p a u s e s   t o   c h e c k   o r   m a i n t a i n   f a c i l i t y  items. 

There was e s s e n t i a l l y  no  change i n  performance  over  the  period  of  the test. 

Calcu la ted   e f f ic iency   s tayed   be tween  16  and  16.5%,  with  no  indication  of 

pump wear o r   d e t e r i o r a t i o n .  

Following  the  endurance tests, a l i m i t e d  number of performance tests 

a t  45,  85, and  135  vol ts   wi th a 60 Hz s i n e  wave provided   da ta   tha t ,  when 

p l o t t e d  as curves,  f e l l  above  on  top  of  the  original  performance  curves.  

To obta in   fur ther   impor tan t   t es t :   da ta ,   an   inver te r  17as b u i l t   t o  

provide a 3 phase  quasi-square wave a t  t h e  same t h r e e  test vol tages ,  
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bu t  a t  2 5 ,   4 5 ,  and 60 Hz, from a DC motor   generator   source.  The resul ts  

i n d i c a t e d   t h a t   t h e  pump o p e r a t e d   w i t h o u t   d i f f i c u l t y  a t  a l l  test f r equenc ie s  

bu t   w i th   l ower   e f f i c i ency   t han   w i th   t he   s ine  wave  power a t  60 Hz. However , 
t h e   e f f i c i e n c y  a t  low v o l t a g e  and 25 Hz was above  the 60 Hz va lue .  
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I1 INTRODUCTION 

On the  basis   of   the   Electromagnet ic  Pump design  study  under NASA 

Contract NAS 3-8500, a f l i g h t   t y p e  pump v7as b u i l t   f o r  Rankine  cycle   boi ler  

feed   appl ica t ions ,   to  meet the  fol lot7ing  specif icat ions.  

Design  Point Of f-Design Range 

Potassium  Temperature, OF 1000 900 - 1400 

K Flow Rate ,   lb / sec  3.25  0.75 - 4.25 

Pressure Rise, p s i  240 35 - 300 
NPSH, p s i  7 1 - 22 

NaK Coolant  Temperature, OF 800 700 - 900 

Voltage, V 135 30 - 165 

A s  described i n  P a r t  I of t h i s   r e p o r t ,   t h e  pump included T-111 a l l o y  

for the   duc t ,   wi th   b imeta l   t rans i t ion   jo in ts   for   weld ing   in to   the  test loop 

which was made o f   a u s t e n i t i c   s t a i n l e s s  steel. The pump s t a t o r ,   w i t h  a 

Hiperco 27 magnet ic   s t ructure ,  N i  c lad Ag conductors, and h igh   pu r i ty  

alumina o r  "S" g las s   t ape   i n su la t ion   i nc luded  a cool ing  sect ion  through which 

NaK i s  c i rcu la ted .  

The wide  range  of test condi t ions   spec i f ied , requi red   tha t  a f a c i l i t y   b e  

provided  for  comprehensive  control of a l l  parameters  and  extensive  instrumenta- 

t ion  output .  The f ac i l i t y   t o   accompl i sh   t he   t e s t ing  is d e s c r i b e d   i n   P a r t  I1 

o f   t h i s   r e p o r t ,  which a l s o   i n c l u d e s   t h e   r e s u l t s  of the  comprehensive  performance 

tests and  comparisons  with  the  expected  performance,  calculated  during  the 

design  study. 

T h i s   r e p o r t   ( t h e   l a s t   P a r t  of the  complete  Final  Report)  reviews  the 

pump performance  over  the  endurance test  period of 10,000 hours  and  then 
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p r e s e n t s  data from a f i n a l  series of  performance tests a t  45, 85, and  135 

v o l t s   w i t h   s t a n d a r d   s i n e  wave power t o   o b t a i n  a comparison  with  th?  or iginal  

d a t a .   I n   a d d i t i o n ,   r e s u l t s   o f   a n a l y s i s   o f   t h e   l i q u i d  metals are p rov ided   t o  

i n d i c a t e   t h e   n e g l i g i b l e   e f f e c t s   o f   t h e   l o n g  t i m e  ope ra t ion   on   t he  K and N a K  

be ing   c i r cu la t ed .  

The  10,000  hour tes t  o f   t he  pump, added t o   t h e   n e a r l y  1000  hours  of 

performance test  o p e r a t i o n ,   d e m o n s t r a t e d   t h e   r e l i a b i l i t y   o f   t h e   e l e c t r o -  

magnetic  design  of pump f o r   h a n d l i n g  1000°F potassium a t  h igh   pressure   and  

l imited  f low.  No des ign   or   opera t ion   problems were encountered  which  would 

p r e c l u d e   t h e   b u i l d i n g   a n d   a p p l i c a t i o n   o f   t h e   b a s i c   h e l i c a l   t h r e e   p h a s e  

i n d u c t i o n   c o n f i g u r a t i o n   f o r  a wide  range of temperatures  and f lows ,   e spec ia l ly  

fo r   h igh   deve loped   p re s su re   app l i ca t ions .  

A series of tests using  quasi-square wave power produced  by a s o l i d  

state inve r t e r   p rov ided   da t a   on   t he  pump performance a t  60, 45,  and  25 Hz. 

The pump opera ted   wi thout   any   problems,   and   the   da ta   ind ica ted   the  pump 

was capable   of   providing good f low  and   pressure   over   the   range   of   f re -  

quenc ie s   and   w i th   t he   r e l a t ive ly   poor  power wave shape. 

4 



I11 ENDURANCE TEST 

Immediately af ter   complet ing  the  extensive series of  performance tests, 

design  point  conditions were establ ished on t h e  test pump and the  endurance 

test was i n i t i a t e d .  The Endurance Test Plan  (included as Appendix A) spec i f ied  

the  following test conditions: 

Potassium  flow,  lb/sec 3.25 - + 0.30 
Potassium i n l e t  temp., O F  1000 - + 15 

Potassium i n l e t  pressure ,   ps ia  8 + 1  

Pressure rise, p s i  240 - + 6 

NaK i n l e t  temp. , OF 800 - + 10 

NaK o u t l e t  temp., O F  850 - + 10 

/ 

- 

I n  accordance  with  the test p lan   the  pump and test loop were per iodica l ly  

checked  during  each  day,  and  minor  adjustments made where  necessary  to main- 

t a i n   t h e  test conditions.   Generally  the  only  adjustment found  necessary M ~ S  

the  a i r  t o   t h e  K and NaK coolers.  The a i r  supply,  which came from the   p l an t  

system  varied some wi th   the  time of  day  (load on system and number of com- 

pressors  i n  service). However, t h e  power supply  voltage  remained  constant 

within  about f 1% so t h a t  no  adjustment vas general ly  needed. The t h r o t t l e   v a l v e  

as well as other  remote  controlled valves were operated from the  shop a i r  supply, 

bu t   r egu la to r s   i n   t he   f eed   l i nes   kep t   t he  low pressures  very  constant.  

Three times a day  (once  each sh i f t )   t he   va r ious   impor t an t   f ac i l i t y  items 

l i s t e d   i n   t h e  form a t t ached   t o   t he  test plan  (Figure A-2 of Appendix A) were 

checked and signed  off.  Once each  day a f u l l  set of data   point   readings was 

obtained by one  of t h e  test men, who was espec ia l ly   t ra ined   to   opera te   the  

f ac i l i t y ,   a f t e r   obse rv ing   t ha t   t he   va r ious  valves were cons tan t   for  a period 

of 15 minutes  and  recorded  on a da ta  form (Figure  A-l)e 

5 



A. REVIEW OF DATA 

Table I shows important  basic  data  that was collected  each day,  along 

with  the  calculated power fac tor  and efficiency. The data was a l so  used t o  

plot  "step"  curves  to show the   resu l t s  and trends  during  the  overall tests. 

These curves are included as  Figure 1. Note that  the  trend of efficiency was  up- 

ward. The average a f t e r  test E-44 r.7as 16.00%, and for   the   en t i re  10,000 hours was 

16.27%. 

A copy of the  actual  data  sheet showing the   r e su l t s   a f t e r  160 hours of 

operation is  included as Figure 2. A copy of the  data  sheet  taken  after 9544 

hours  of  operation is  included in   t h i s   r epor t  as Figure 3.  Both sets of 

data were taken by the same operator, and conditions were essent ia l ly   the 

same although  the  position  of  valve VML-1 would indicate a s l ight   dif ference 

i n   t h e  flow  of K through the  hot t r a p  by-pass. 

B. L I Q U I D  METAL  CHARACTERISTICS 

Both the  potassium and the  NaK i n   t h e  test loops was sampled and analyzed 

at  the  conclusion  of  the performance tests and j u s t  as the endurance tests 

were in i t i a t ed .  Subsequently the  K was sampled while  the  loop was i n  opera- 

t ion,  and data  obtained  after 500,  1000, 2000, 3000, 4000,  5000, 6000, and 

10,000  hours. The NaK sample  could be  obtained  only when the  coolant  loop 

was  "dumped", so a sample was taken a t  shut-dotms which occurred a t  3036 and 

10,000 hours  of  operation.  Analysis  information on a l l  the samples is  included 

i n  Table 11. 

Samples of NaK and K removed from the EM pump loop were analyzed f o r  

oxygen and carbon, and a t  specified times for  metall ic  impurit ies.  Oxygen 

is determined by dissolving  an  aliquot of the sample a l k a l i  metal i n  mercury, 

allowing  the  resulting  oxides  to  separate, and stripping  residual  l iquid  metal  

from the  separated  oxides by repeated  extractions  with  fresh mercury. The 

NaK and K oxides are measured by t i t r a t i n g   t h e   a l k a l i n i t y  produced on dis- 

solution of the  oxide  res idue  in   dis t i l led water. 
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Carbon i s  determined  by  high  temperature  combustion of an   a l iquo t  of 

the  l i q u i d  metal i n  a quartz  system. The evolved CO is condensed i n  a 

l i q u i d   n i t r o g e n   c o o l e d   t r a p  and  subsequently  measured  by  gas  chromatography. 

2 

Metallic i m p u r i t i e s   i n   t h e   l i q u i d  metals are determined by emission 

spectroscopy on t h e   a l k a l i  metal ch lor ides   p repared  by r eac t ing  an a l i q u o t  

of l i q u i d  metal wi th   e thano l ,   a c id i fy ing   w i th  HC1 and evapora t ing   t he   ac id i f i ed  

so lu t ion   t o   d ryness .  

C. PUbP PARAMETERS - RESISTANCE AND PRESSURE 

Two condi t ions   o r   parameters   o f   the  pump were per iodica l ly   checked   to  

d e t e r m i n e   i f   t h e r e  was appreciable   or   meaningful   changes  during  the  endurance 

test. These were t h e  pump winding  res is tance  (phase  to   phase - t e r m i n a l   t o  

te rmina l )  and r e s i s t a n c e   t o   g r o u n d ,   p l u s   t h e   p r e s s u r e   o f   t h e   a r g o n   i n   t h e  

duct  and s t a t o r   c a v i t i e s .  A summary of   the   da ta   ob ta ined  is shown i n   T a b l e  111. 

The r e s i s t a n c e  and p res su re   da t a  was obtained  each time as soon as 

p o s s i b l e   a f t e r   t h e  pump was stopped and  de-energized, so as t o   c o r r e l a t e  

with  the  var ious  temperature   values   (windings  especial ly) .  A Rubicon po r t ab le  

Wheatstone  Bridge was used   fo r   t he   w ind ing   r e s i s t ance  measurements  (which 

are less than 1 ohm) and l e a d   r e s i s t a n c e  was checked  and  subtracted  from 

each  reading. The b r idge  was checked  with a General  Radio 1 ohm s tandard  

with  an  error   of  less than 0.003%. Winding resistance t o  ground was measured 

with a PIegger (50 V scale) when i t  was high enough t o  use   t h i s   i n s t rumen t ,  

o r  .crith a Simpson volt-ohmist when t h e   r e s i s t a n c e  was below 0.5 megohms. 

F i n a l  (room tempera ture)   res i s tances  were checked  with a Kelvin  Bridge  and 

f i rmly   a t tached   leads .  

Pressure  of   the  pump duct   cav i ty  was continuously  monitored by a t rans-  

ducer  which was connected  through its o m  ampl i f i e r  and output  meter f o r  a 

highly  accurate  measurement,   to a meter r e l a y   f o r   d a i l y   r e c o r d i n g  and alarm 
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purposes. The s t a t o r   c a v i t y   p r e s s u r e  was checked by determining  the  contact  

c l o s i n g   p o s i t i o n  of the  pressure  switch  which had   been   ca l ib ra t ed   p r io r   t o  

i n s t a l l a t i o n   a n d  w a s  a l s o   c o n n e c t e d   t o   t h e  "low pressure"  alarm system. The 

s ta tor   cavi ty   pressure  measurement   accuracy was approximately 2 1  ps i ,   wh i l e  

t he   duc t   cav i ty   p re s su re  measurement  accuracy was approximately 2 0.1 p s i .  

D. DISCUSSION 

This  review and  discussion  of  the  endurance test r e s u l t s  w i l l  cover   the 

opera t ion  i n  genera l ,   and   then   spec i f ica l ly  comment on the   r e s i s t ance   changes  

t h a t  were n o t e d ,   f o r   t h i s  i s  the   on ly  area t h a t  showed any   e f fec t   f rom  the  

10,000  hour test. 

Endurance T e s t  - General 

The r e su l t s   o f   t he   da i ly   da t a   measu remen t s   a s  shown i n   T a b l e  I and, as 

p l o t t e d  as c u r v e s   i n   F i g u r e  1, c l e a r l y   i n d i c a t e   t h a t   t h e r e  was n o   s i g n i f i c a n t  

change i n  performance  over  the  10,000  hour  period. The v e r y   s l i g h t   t r e n d  

(general ly  upward) in   e f f i c i ency   cou ld   have   been   due   t o   changes   i n   t he  

wattmeter, for   a l though i t  was rechecked  and  found  to  be  within  tolerance 

limits a t  t h e  3000 h o u r   p o i n t ,   t h e   c a l c u l a t e d   e f f i c i e n c y  i s  d i rec t ly   dependent  

on a cons is tan t   read ing   and  a change  of  only 1% w i l l  change   the   e f f ic iency  

by t h e  same amount. Of course ,   the   hydraul ic  power varies w i t h   f l 0 ~ 7  and 

p res su re ,   and   d i r ec t ly  affects t h e   e f f i c i e n c y   c a l c u l a t i o n s ,   b u t   t h e   r e c o r d e r s  

f o r   t h e s e   v a l u e s  were checked  monthly  and showed e s s e n t i a l l y  no  change. 

Therefore a sma l l   change   i n   t he  wattmeter performance is most l i k e l y   t o   b e  

t h e   c a u s e   o f   t h e   s l i g h t   e f f i c i e n c y  improvement. 

Overal l ,   the   endurance test was h i g h l y   s a t i s f a c t o r y ,   a n d   t h e r e  was no 

i n d i c a t i o n   f r o m   t h e   d a i l y   r e s u l t s   t h a t   t h e r e  would be any  change i n   a n o t h e r  

10,000  hours. 
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Cavity  Pressures  

F i n a l  pump s t a t o r  and duc t   cav i ty   p ressure  showed a v e r y   s l i g h t   i n c r e a s e  

dur ing   the  10,000 hours.   This would appea r   t o   i nd ica t e   ve ry   l imi t ed   ou tgass ing  

may have   t aken   p l ace   a f t e r   t he   cav i t i e s  were baked-out, f i l l e d   w i t h   a r g o n   t o  

approximately 8 p s i a  at room temperature  and  sealed.  However, t h e r e  were no 

l eaks  from the  pinch-off seals, fo r   t he   cav i t i e s   had   abou t   21   p s i a   p re s su re  

i n  them during  the  endurance test when t h e   t e m p e r a t u r e   i n   t h e   c a v i t i e s  was 

a t  about 1000'F.  The r e s u l t s  are p a r t i c u l a r l y   i n t e r e s t i n g  as f a r  as t h e  

s t a t o r   c a v i t y  is concerned   for   there  was a g r e a t  volume of i n s u l a t i n g  material 

i n   t h i s  area which  might  have  outgassed  during t-he endurance test period. 

Winding  and  Ground Resis tance 

The r e s i s t a n c e  measurements  provided  the  most  noticeable  change i n  

cond i t ions ,   no t   i n   t he   w ind ing   r e s i s t ance   bu t   i n   t he   r e s i s t ance   t o   g round  

(a measure   o f   the   insu la t ion   res i s tance) .  The winding   res i s tances  T1-2, 

T2-3' T3-l 
c a r e f u l  measurement a t  comparable  temperatures). As t h e  pump windings 

were connected   in  "Yl' wi th   t he  common p o i n t   f l o a t i n g ,   t h e   a c t u a l   v a l u e  of 

any  one set of c o i l s   ( l i n e   t o  common) is h a l f  of t he   t abu la t ed   va lue .  The 

f ina l   va lue ,   accura te ly   measured  a t  room temperature,  t7as 0.046 ohms. This  

rompares  with  measured  values  during a s h u t  down i n   t h e   i n i t i a l   p e r f o r m a n c e  

t e s t ing   o f  0.049 ohms (and original  assembly  check when cold,  of 0.039 t o  

0.046  ohms), ob ta ined   w i thas l igh t ly  less accura t e  low resis tance  measuring 

instrument.  

i n   T a b l e  111) were e s s e n t i a l l y  unchanged  (within  the limits of 

The i n s u l a t i o n   r e s i s t a n c e ,   o r  a t  least the  res is tance  measurement  be- 

tween the  windings and  ground, became  of some concern  during  the  endurance 

test. A review of t h e   r e s u l t s  of tests a t  f i n a l  pump assembly  indicated 

the re  had  been some i n d i c a t i o n   t h a t   t h e   m e a s u r e d   r e s i s i t a n c e  of  more than 
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100 meg ohms with a 500 V megger w a s  once  or  twice momentarily  unstable 

and  of  lower  value. However, a f t e r   i n s t a l l a t i o n   t h e   r e s i s t a n c e   v a l u e  was 

very  high (1600 meg-ohms) and   tes t ing  was in i t ia ted .   Subsequent ly ,  as 

i n d i c a t e d   i n   T a b l e  111, the   res i s tance   to   g round  var ied   each  time i t  was 

checked  (under  high  temperature  conditions)  but  the  trend was to  lower 

va lues ,   and   to  less than 1 meg-ohm s o  t h a t   t h e  megger  could  not  generally 

be   used   to   ob ta in  a reading. 

Of course a ma jo r   r ea son   fo r   t he   OW res i s tance   dur ing   noma1  opera-  

t i o n  is  t h e   r e d u c t i o n   i n   s p e c i f i c   r e s i s t a n c e   o f   t h e  ceramic s l o t   i n s u l a t i o n  

fl cm a t  room temperature   versus  lo8  s2 cm a t  1200'F). A t o t a l   s l o t  

l i n e r  area of  1012  sq.  in.  and 0.038 i n .   t h i c k   i n s u l a t i o n  would show a 

change i n  resistance from  8850 meg-ohms t o  442K  ohms. 

During  the  endurance test t h e r e  were occas iona l   ind ica t ions   o f  a 

momentary grounding  of a s i n g l e   p o i n t   i n   t h e   w i n d i n g s .  A spec ia l   g round 

d e t e c t o r   c i r c u i t  w a s  set up to   mon i to r   t he  pump condi t ion   because   the  pump 

windings were not  grounded,  even  though  connected i n  "Ytr. An a r t i f i c i a l  

n e u t r a l   p o i n t  ~7as es tab l i shed   by   connec t ing   th ree  AC v o l t m e t e r s   i n  "Y" 

with  the  center   point   a t tached  to   ground  through a 1OV meter and l i m i t i n g  

r e s i s t o r .  Thus a ground  on  the  winding  would  cause  the  neutral   voltmeter 

t o  show a reading  and  the  phase  vol tmeters   to   change  f rom  their   balanced 

condition. A recording  voltmeter  provided a continuous  record  of  the 

ground  condition. 

While the  grounding  condi t ion  occurred  in  a random pat te rn ,   and  

would ( a t  least i n i t i a l l y )  clear i t s e l f   p r o m p t l y ,   t h e r e  were times la te  i n  

the  endurance test when the   g round  pers i s ted .  A t  those times t h e  pump 

was disconnected from t h e  power system  and a high  vol tage  (300  to  400V) 

60 Hz l i m i t e d   c u r r e n t   ( t o  5A) source  was applied  momentarily  between a 
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pump terminal  and  ground.  This  invariably  eliminated  the  ground  and 

resistance-to-ground  measure 200K t o  400K ohms. 

However, s h o r t l y   a f t e r   t h e   f i n a l   p e r f o r m a n c e  test v7as completed,  while 

opera t ing  a t  design  condi t ions  and  wai t ing  for   complet ion of t h e   i n v e r t e r  

f o r  tests desc r ibed   i n   Sec t ion  V o f   t h i s   r e p o r t ,   t h e r e  v7as an   i nd ica t ion  

of  very  low  resistance  to  ground. A check showed e s s e n t i a l l y   z e r o  ohms, 

and tha t   t he   cond i t ion  (as i n  a l l  previous similar s i t u a t i o n s )  was present  

i n  one  phase  only.   Overall   operation  of  the pump v7as n o t   a f f e c t e d   b y   t h i s  

condi t ion  (power inpu t ,   e f f i c i ency ,  etc. remained  unchanged)  but a l i m i t e d  

r i s k  vas involved   because   o f   the   poss ib i l i ty   o f  an i n t e r n a l   s h o r t   c i r c u i t  

i f   ano the r   phase  became grounded,  and  the  ground  could  not  be  cleared as 

before .  

F ina l   res i s tance   checks  a t  room temperature showed t h a t  a ground  of 

r e l a t i v e l y  lot7 res i s tance   (about  0.005 ohms a t  room temperature) was 

d e f i n i t e l y   p r e s e n t  from the  winding  connected  to T2. It is suspected 

that   the   ground  has   occurred  across   the  edge  of   one  piece  of   the  ceramic 

which l ines   the   s lo t s ,   because   the   conductor  i s  no t   i n su la t ed  a t  the   po in t  

where i t  e x i t s  from t h e   s l o t .  It is a l s o   p o s s i b l e   t h a t   t h e   t r a c k ,   o r  101-7 

r e s i s t ance   pa th ,  may have   been   i n i t i a t ed  by a small metal "whisker" t h a t  

became lodged i n   t h i s  area during  assembly,  and many heating  and  cooling 

cycles  caused it t o  move and start a "bridging"  action. 

Liquid Metal C h a r a c t e r i s t i c s  

A s  d e s c r i b e d   i n   P a r t  I1 of t h i s   F i n a l   R e p o r t ,   s p e c i a l   c a r e  1-7as taken 

to   c l ean   t he  test loops and f i l l   w i t h   h i g h l y   r e f i n e d  and p u r e   l i q u i d  metal. 

The good r e s u l t s  from t h i s   c a r e f u l   p r e p a r a t i o n  and metal handling is  evi- 

d e n t   i n  a revie17 of t he   ana lys i s   da t a  shown i n   T a b l e  11. 
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During  the  10,000  hours   of   endurance  tes t ing  there  was e s s e n t i a l l y   n o  

change i n   t h e  amount of  oxygen,  carbon, o r   v a r i o u s  metallics i n   e i t h e r   t h e  

potassium  or  NaK. The oxygen  content of the  potassium  of 4 t o  11 ppm i s  

n o t  a meaningful amount,  and the   carbon  conten t   ac tua l ly   decreased .  The 

oxygen i n   t h e  N a K  was a l i t t l e  h i g h e r   t h a n   i n   t h e  K,  b u t  i t  a c t u a l l y  de- 

creased  during  the  more  than 400 days of t e s t i n g ,  A l l  va lues  are well 

be low  the   spec i f ied  m a x i m u m s  f o r   t h e   t e s t i n g  program. 
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I V  FINAL  PERFORMANCE  TEST 
WITH 60 HZ SINE WAVE POWER 

Immediately  fol loving  the  complet ion  of   the 10,000 hour  endurance test ,  

a l imited  program was conducted  to  recheck some of  the  "off-design"  condi- 

t i o n s   t h a t  were explored   dur ing   the   in i t ia l   per formance  tests (Refer t o  

Part I1 of   t h i s   F ina l   Repor t ) .  The schedu le   fo r   t he  series of   f inal   performance 

tests, wi th  60 Hz s i n e  wave  "shop"  power ( t h e  same as u s e d   f o r   t h e   o r i g i n a l  

performance  tes ts)  is shown as p a r t   o f   t h e  T e s t  P l a n ,   i n c l u d e d   i n   t h i s   r e p o r t  

as Appendix B. 

A. TEST PLAN AND TEST PROCEDURE 

Dur ing   the   per formance   tes t ing   each   spec i f ied  tes t  condi t ion  w a s  

es tabl ished  by making the  fol lowing  adjustments  : 

0 S e t  s p e c i f i e d  pump v o l t a g e  

0 A d j u s t   t h r o t t l e  valve f o r   s p e c i f i e d  K flow 

0 Adjust K and NaK a i r  c o o l e r s   t o   o b t a i n   s p e c i f i e d   i n l e t  
temperature 

e Adjust NaK flow as r e q u i r e d   t o   o b t a i n   s p e c i f i e d  NaK AT. 

P r io r   t o   r eco rd ing   any   da t a ,  all temperatures were observed   for  a per iod 

of 15 minutes,  during  which a l l  va lues  were to  remain  withibspecif ied  tolerances.  

B. TEST  RESULTS 

All f ina l   per formance  test r e s u l t s  are t a b u l a t e d   i n   T a b l e  IV. The  in- 

formation  provides a l l  important  data  for  drawing  performance  curves  and 

fo r   compar i son   w i th   t he   i n i t i a l   pe r fo rmance  test series. It w i l l  be   no ted  

t h a t   t h e  test plan  schedule  was ampl i f ied   s l igh t ly   by   adding  tests t o  check 

out  minimum c o n t r o l l a b l e  flow/maximum pressure   condi t ions  a t  the  lower  vol tages .  
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Figure 4 is a p lo t   o f   the  test da ta   for   the   s tandard   condi t ions   o f  

temperature,  and a t  135 v o l t s  which is  ve ry   c lose   t o   t he   des ign   po in t   s e t t i ng  

(about 131 v o l t s   a s   n o t e d   i n   d a t a  from the   endurance   t es t ) .   S imi la r   da ta  

b u t   f o r  85 and 45 v o l t  power i n p u t   s e t t i n g s  are inc luded   in   F igures  5 and 6. 

Additional  information  for  comparison  purposes is shown by the   cu rves   i n  

Figures 7, 8 and 9 for   Pressure ,  Power,  and Eff ic iency  versus  Flow a t  the   th ree  

test vol tages  (135,  85  and  45 vol t s ) .   F igure   10  shows the  performance  data 

i n   t h e   f i n a l  tests compared with  the  or iginal   design  calculated  data   of  

expected  resul ts .  

C. DISCUSSION  OF RESULTS 

A review  of  the  curves  showing  f inal  pump performance  indicates  the 

r e s u l t s  are cons is ten t  and typical  of  what was to  be  expected.  Furthermore, 

a comparison  with  curves drawn  from the  or iginal   performance  data   indicates  

t h e   f i n a l   r e s u l t s  are e s s e n t i a l l y   r i g h t  on top  of   the  or iginal   curves ,   except  

t ha t   t he  power input   t ends   to   be   s l igh t ly   lower  a t  lower  flows  and  efficiency 

a l i t t l e  higher  a t  the  "middle"  flow  conditions  (1.5  to 3 lb/sec) .   This  

could  be  due t o  a s l i g h t   d r i f t   i n   t h e  wattmeter output  readings,   al though 

wi th in   to le rance  limits. 

During t h e   f i n a l  performance test series, two test condi t ions were added 

t o   t h e   t o t a l  (FP-3A and FP-1lA) t o  check m a x i m u m  flow a t  135 v o l t s ,  and minimum 

control lable   f low a t  45 V. Information on Figures  4, 5,  and 6 i n d i c a t e   t h i s  

add i t iona l  and useful  information.  In  conducting  these  (extreme  condition) 

tests i t  was found t h a t   t h e  pump flow was e a s y   t o   c o n t r o l   r i g h t  down t o   t h e  

point  when the   t h ro t t l e   va lve   c losed  and m a x i m u m  pressure was obtained. The 

test f a c i l i t y  performed  extremely w e l l  throughout  the tests and contr ibuted 

t o   t h e  ease with which the  ful l   range  of   f low  data   could  be  obtained.  
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Figure 10 includes  curves  showing  power  input,  pressure  developed, and 

efficiency,  for  the  135  volt  setting  and  design  point K and  NaK  temperatures, 

during  the  final  tests  as  well  as  the  original  calculated  (expected  per- 

formance).  This  comparison  serves  to  summarize  and  emphasize  several  im- 

portant  points. 

First,  the  pump  that  has  been  designed  and  tested  for  10,000  hours  is 

on  order  of  magnitude  better  in  efficiency  than  previously  built  pumps  of 

similar  ratings. A recent  report  by  the  Oak  Ridge  National  Laboratory (1) 

on  performance  of  a  helical  induction  pump  with  duct  made  of  T-111,  pump- 

ing  potassium  at  1215 F, showed  a  maximum  efficiency  of  2.1%  with  a  flow 

of 0.4 lb/sec  (as  compared  to  the  maximum  flow  rating  of 0.6 lb/sec). 

Obviously  the  pump  tested  at ORNL v7as considerably  smaller  than  the  boiler 

feed  pump,  but  the  efficiency  of  over 16% obtained  with  the  boiler  feed 

pump  which  has  been  on  endurance  test  indicates  that  major  strides  have 

been  made  in  improving  the  EM  pump  performance. 

0 

Second,  several  supplementary  water  flow  tests  on  the  boiler  feed 

pump  duct  and  a  model  duct,  indicated  the  efficiency  could  be  improved 

by  possibly  as  much  as  5%  (or 0.8 percentage  points)  through  a  reversal 

in  the K flow  direction.  Some  limited  tests on the  actual  duct  just  be- 

fore  assembly  provided  pressure  drop  data  as  follows: 

(l)Young,  H.C.  and  Clark,  D.L.,  "Hydraulic  Performance  and  Cavitation 
Characteristics  of  am  EM  Helical  Induction  Pump  Operating  with  Potassium 
and  Prediction  of  Performance  with  Lithium  at  2200°F,"  ORNL-'IN-2995, 
November  1970. 
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Pressure  Drop (Design  Direction  of  Flow) = 38 p s i  

Pressure  Drop  (Flow Reversed) = 29.5 p s i  

Resul ts :  An indica ted   reduct ion  of 29% in   p ressure   d rop   wi th   f low 

reversed.  

S imi l a r   bu t  more  comprehensive  data t7as obtained  through a series of 

tests a t  NASA-LeRC using  an aluminum model of t h e  pump duct.   This test is  

covered i n  a separa te   repor t   which  is summarized i n   t h i s   F i n a l   R e p o r t ,  

P a r t  111, as Appendix C. 

The data   f rom  the NASA-LeRC tests showed t h a t   t h e   d i f f e r e n c e   i n   p r e s s u r e  

drop  through  the  duct was about 28% when t h e   r e s u l t s  from the  f low i n  t h e  

des ign   d i r ec t ion  was compared with  the  f low  reversed.   This  compares q u i t e  

favorably   wi th   da ta   ob ta ined   wi th   the   ac tua l   duc t  and described  above,  where 

a reduct ion of 29% w a s  obtained. 
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V. PERFORMANCE TEST WITH OUASI-SQUARE' WAVJZ 

A number  of poss ib l e   space  power systems will have DC o r   h igh  

frequency AC as the  power source   ou tput .   This  means t h a t   a n  EM pump , 

such as t h e   b o i l e r   f e e d  pump t h a t   h a s   b e e n   d e s c r i b e d   i n   t h i s   r e p o r t ,   w h i c h  

r e q u i r e s  a r e l a t i v e l y  low frequency  pmrer  source , must   obtain it from  the 

pr imary   source   th rough  an   inver te r .  

I n   o r d e r   t o   o b t a i n  some p r e v i o u s l y   u n a v a i l a b l e   d a t a ,   a n   i n v e r t e r   h a s  

been  designed and b u i l t   t o   a c c e p t  a DC input   and  provide a low frequency 

quasi-square wave o u t p u t   i n   t h e   r a n g e  of 25 t o  60 Hz. The b o i l e r   f e e d  pump 

w a s  then   per formance   tes ted   wi th   the   inver te r  power s u p p l y   t o   o b t a i n   d a t a  

w i t h   v o l t a g e   i n p u t   c o n d i t i o n s   t h a t  were t h e  same as u s e d   f o r   t h e   f i n a l  

performance test wi th   t he  60 Hz s i n e  wave power,  and r epor t ed  i n  Sec t ion  

I V  on t h i s   F i n a l   R e p o r t ,   P a r t  111. 

This   s ec t ion  will d e s c r i b e   t h e   i n v e r t e r   t h a t  ~7as deve loped   fo r   t he  

tests, a n d   t h e   t e s t i n g   t h a t  ~7as conducted   in   accordance   ~7i th   the  Test 

Plan  which is i n c l u d e d   i n   t h i s   r e p o r t  as Appendix B. 

A. INVERTER DESIGX AND HARDWARE 

The b o i l e r   f e e d  pump r e q u i r e s ,   f o r  maximum output   permi t ted   by   the  

test f a c i l i t y  a t  1 3 5   v o l t s ,  a 3 phase (nns) cur ren t   o f  a t  least 180  amperes. 

These   va lues   e s t ab l i shed   t he   s i ze  of t h e  SCR's which were t o   p r o v i d e   t h e  

output  power, as well as the   necessa ry   d iodes  and  switching  inductance  and 

capac i tance .   Input  power was t o   b e   f u r n i s h e d   b y  a motor-generator set which 

had a DC gene ra to r   w i th  a r a t ed   ou tpu t  of 250 v o l t s ,  300 amperes. 
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The b a s i c   c i r c u i t   s e l e c t e d  f o r  t h e   i n v e r t e r  is descr ibed  in   Appendix D 

and shown i n   F i g u r e  D-1. It i s  a t y p i c a l   t h r e e   p h a s e   i n v e r t e r   b u t  uses a 

common i n p u t - c o m m u t a t i o n   c i r c u i t .   I n   t h e   c i r c u i t   o p e r a t i o n   t h e   f o u r  aux- 

i l i a r y  (commutating) SCR's are f i r e d  i n  p a i r s ,   i n   a n   a l t e r n a t i n g   f a s h i o n ,  

t o   t u rn   o f f   t hose   ma in  SCR's which are c o n n e c t e d   t o   o n e   o r   t h e   o t h e r   s i d e  

o f   t he  DC bus  and are conducting a t  t h a t  moment. 

The f i r i n g   o f   t h e  10 main SCR's (4  commutating  and 6 phase   ou tputs )  

i s  con t ro l l ed   by  a log ic   c i r cu i t   (ope ra t ing   f rom  pu l ses   p rov ided   by   an  

o s c i l l a t o r  a t  3 times t h e   f i n a l   f r e q u e n c y ) .   T h i s   l o g i c   c i r c u i t  is d i s -  

cussed i n   d e t a i l   i n  Appendix D, and shown i n   F i g u r e  D-2. The ou tpu t   pu l se s  

go to   "p re -d r ive r "   t r ans i s to r s   fo r   ampl i f i ca t ion   and   t hen   t o   t he   "d r ive r "  

board. The "d r ive r "   boa rd   fu r the r   ampl i f i e s   t he   pu l se  power t o   p r o v i d e  

a d e q u a t e   d r i v e   f o r  the l a r g e  SCR g a t e s .  

The  main SCR's, r a t e d  235 amperes rms, 400V PIV, r e q u i r e  a f i r i n g  

p u l s e  of (preferably)   about  20 v o l t s   a n d  more than  2 amperes f o r  a t  least  

10 microseconds.   Surety  of  the  turn-on i s  obta ined   by   mul t ip le   pu lses ,  

a p p l i e d   d u r i n g   t h e  t i m e  t h e  SCR i s  t o   b e  on. 

The o v e r a l l   i n v e r t e r   w i t h   r e l a t e d  power s u p p l i e s  is shotm  by  the  block 

diagram i n  Figure  11. The lower   s igna l  levels i n  t h e   l o g i c   c i r c u i t r y  are 

carefu l ly   remoted   f rom  any   upse t t ing   (e lec t r ica l ly)   in f luence   and   the   log ic  

o u t p u t   p u l s e s   c o n t r o l  two s t a g e s   o f   t r a n s i s t o r   a m p l i f i c a t i o n   b e f o r e   t h e  

s i g n a l   ( a t   a b o u t  24V) is t a k e n   t o   t h e  SCR g a t e   d r i v e r   c i r c u i t .   S i g n a l s  are 

c a r r i e d   t o   t h e   p u l s e   t r a n s f o r m e r s  a t  t h e  main SCR's by  twis ted   sh ie lded  

c a b l e s  . 
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E. FACILITY ARRANGEMENT 

The ove ra l l   s e t -up   fo r   t he  pump tes t  is shown i n   F i g u r e  12. The  main 

power u n i t   w i t h   t h e  SCR's and diodes mounted on h e a t   s i n k s ,  a l l  on a steel 

frame  work, is  loca ted   beh ind   t he   t ab l e  on  which is p l a c e d   t h e   d r i v e r / t r a n s i s t o r  

c i r c u i t   e n c l o s u r e   ( f r o n t   l e f t )   a n d   t h e   l o g i c   c o n t r o l   ( i n   t h e  aluminum enclosure 

t o   t h e   r i g h t   o f   t h e   d r i v e r   u n i t ) .  Power suppl ies ,   l ine   vo l tmeter ,   and  a terminal  

board  for   the  current   t ransformer (C.T.) outputs ,  are a l l  placed on t h e  

tab le .  The l i n e   c u r r e n t   t r a n s f o r m e r s  are v i s i b l e  a t  t h e  lef t ,  i n   f r o n t  

of t h e  power conditioner  which i s  loca ted   beh ind   t he   t ab l e .  The instrument 

type C.T.'s had a 1000:5 r a t i o ,  and a 1 ohm resister was placed  across  the 

secondary  to   provide a v o l t a g e  trace o f   t he   phase   cu r ren t   fo r   t he   o sc i l l o -  

scope  input.  

A c l o s e r  view o f   t h e   i n v e r t e r  i s  provided  by  Figure 13, i n  i t s  loca- 

t i o n   j u s t   o u t s i d e   t h e  pump test loop  enclosure.  The 3 phase power l e a d s  

go o f f   t o   t h e   l e f t ,   t h r o u g h   t h e  C.T.'s and i n t o   t h e   e n c l o s u r e   ( a l s o  visi-  

b l e   i n   F i g u r e   1 2 ) .  The  incoming DC power from  the  motor-generator set 

comes through  the  fused  disconnect   switch  on  the  enclosure well, t o   t h e  

bank of Aska re l   f i l l ed   capac i to r s ,   and   t hen   t o   t he   i nve r t e r .  The 25 pfd 

commutating  capacitor i s  i n   t h e  box t o   t h e   r i g h t   o f   t h e   i n v e r t e r .  

Figure  14 shows t h e  test pump ( i n s u l a t e d )   i n   t h e   c e n t e r   o f   t h e   p i c t u r e ,  

taken  through  the  open  doors  of  the  enclosure.  The spec ia l   connec t ions  

f o r   t h e   i n v e r t e r  tests, made wi th   4 /0   cab le  are v i s i b l e  below t h e  pump. 

The box wi th   the   bus   and   fuses   conta ins   the   capac i tors   for   pover   fac tor  

cor rec t ion ,   used   on ly   for   the  60 Hz s i n e  wave tests. On t h e   f l o o r   t o   t h e  

l e f t  o f   the   capac i tor  box are t h e  3 pole   fused   swi tches   used   for   se lec t ing  

shop power o r   t h e   i n v e r t e r   s o u r c e   f o r   o p e r a t i n g   t h e  pump. This  arrange- 

ment permi t ted   rap id   change-over   dur ing   the   t es t ing   per iod .  
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Xo changes were needed a t  the   con t ro l   conso le   (desc r ibed   i n   Pa r t  I1 of 

t h i s   F i n a l   R e p o r t )   t o  make the  quasi-square wave tests. The wattmeter , v o l t -  

meter and ammeter were thermocouple  instruments and  provided rms v a l u e s ,  

even  though  the wave shape was d i s t o r t e d .  However, t h e  C.T.'s were s tandard  

power u n i t s  and may have  had some ef fec t   on   the   measured   cur ren t  and wattmeter 

va lues .  

C. TEST  PLAN 

The s p e c i f i c   p r o c e d u r e s   t h a t  were f o l l o w e d   i n   s e t t i n g  up the  quasi-square 

wave performance tests, and b a s i c  test po in t   cond i t ions   t o   be   de t e rmined ,  are 

g iven   in   the   Per formance  Test P l a n ,   P a r t s  I11 and I V Y  i n c l u d e d   i n   t h i s   F i n a l  

Repor t   (Pa r t  111) as Appendix B. Dur ing   t he   t e s t ing ,   each   spec i f i ed   cond i t ion  

was es tab l i shed   by   making   the   fo l lowing   ad jus tments  : 

a. Energize inverter a t  desired  f requency  and set AC 

v o l t a g e  by a d j u s t i n g  DC i npu t   vo l t age .  

b .  A d j u s t   t h r o t t l e  valve f o r   s p e c i f i e d  K flow 

c. Adjust  K and NaK a i r  c o o l e r s   t o   o b t a i n   s t a n d a r d   i n p u t  

temperatures  

d.   Adjust  N a K  f l ow  fo r   p rope r  AT 

P r i o r  to r eco rd ing   t he  test d a t a ,  a l l  temperatures  were checked t o  make 

s u r e   t h e r e  w a s  no  appreciable   change  over   the  preceeding  15  minutes .  

D. TEST  PZSULTS 'AT 45, 85 and 135 VOLTS 

A summary of the  performance test da ta   ob ta ined   du r ing   ope ra t ion   w i th   t he  

i n v e r t e r  i s  g i v e n   i n   T a b l e  V. The in fo rma t ion   i nc ludes  a l l  data   needed 

to   prepare  the  curves   showing  the  performance  of   the pump. It will b e  

no ted   t ha t  a number of tes t  p o i n t s ,   i n   a d d i t i o n   t o   t h o s e   l i s t e d   i n   t h e  test  
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p lan ,  were checked  and  data   obtained  to  more f u l l y   p r o v i d e   i n f o r m a t i o n  on 

ope ra t ion  of t h e  pump w i t h   t h e   i n v e r t e r  power supply.  For  example, maximum 

poss ib le   f low  va lues ,   a long   wi th  maximum pres su res  a t  no flow (except   with 

h ighe r   vo l t ages )  were determined. 

F igures  1 5 ,  16 and 17 show the   pe r fo rmance   da t a   fo r   t he  45,  85, and 

135 v o l t ,  60 Hz condi t ions .   F igures  18 and 19 show t h e   r e s u l t s   f o r  45 

v o l t s ,  a t  45 and 25 Hz. Fina l ly ,   F igu res  20,   21  and 22 compare p re s su re ,  

power and   e f f i c i ency   ve r sus  flOV7, wi th  60 Hz s i n e  wave power and  quasi- 

squa re   s ave  power 

Some inve r t e r   and  pump pe r fo rmance   va r i a t ion  was observed when t h e  

DC l i n e   c a p a c i t o r  was changed i n   v a l u e ,   e s p e c i a l l y  a t  the   h igher   f requency .  

A m a x i m u m  of 1080 pfd was u s e d   f o r  a l l  t h e  60 and 25 Hz tests, b u t   o n l y  

600 pfd v7as u s e d   f o r   t h e   i n i t i a l  45 Hz series due to   mal func t ions   wi th  

3 c a p a c i t o r s  (1080 pfd) e Subsequent ly   other  tests were made w i t h   o t h e r  

c a p a c i t o r  valves to   p rov ide  600 pfd ( 2  c a p a c i t o r   u n i t s )  and 300 pfd 

(1 c a p a c i t o r   u n i t )   a c r o s s   t h e   i n p u t   l i n e .  Data from a l l  t h e  extra tests 

i s  a l s o   i n c l u d e d   i n   T a b l e  5 ,  w i t h   d a t a   p o i n t s   p l o t t e d   i n   F i g u r e s  23 and 24. 

During   the   t es t ing   wi th   quas i - square  wave power, o s c i l l o s c o p e  trace 

p i c t u r e s  were t a k e n   o f   l i n e   c u r r e n t  wave shapes a t  c e r t a i n  test condi t ions .  

The trace sas d r iven   by   t he   vo l t age   ac ross  a 1 ohm r e s i s t o r   w h i c h  aas 

connec ted   t o   t he   s econda ry   t e rmina l s   o f   t he   l i ne   ( i n s t rumen t   t ype )   cu r ren t  

t ransformers .  The r a t i o  ~7as 1000 t o  5, so  100 amps i n   t h e   l i n e   p r o d u c e d  

0.5 amps i n   t h e   s e c o n d a r y ,   r e s u l t i n g   i n  a v o l t a g e  of 0.5 v o l t s   a c r o s s   t h e  

19 r e s i s t o r .   F i g u r e s  25 and 26 are reproduct ions   o f   the  wave shapes  of 

60, 45 and 25 Hz test condi t ions .  
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E. DISCUSSION 

The discussion  concerning  performance  of  the pump wi th   t he  power 

condi t ioner  will b e   p r e s e n t e d   i n  two p a r t s .   F i r s t ,   w i t h   r e f e r e n c e   t o   t h e  

inverter   operat ion,   and  second,   concerning  the pump ope ra t ion   w i th   t he  

var ious   f requencies ,   vo l tages ,   and   modi f ica t ions   to   the   inver te r   input  

power. 

1. I n v e r t e r  

The inve r t e r   ope ra t e s   ve ry  well a t  a l l  th ree   f ixed   ou tput   f requencies  

(25,  45  and 60 Hz) provided  the  capacitor  bank  which was a c r o s s   t h e  DC 

i n p u t   l i n e  is w i t h i n   c e r t a i n  limits. This   capaci tor ,   used  to   reduce 

"spikes"  of  voltage  which are generated  by  the power SCR switching, was 

i n i t i a l l y   e s t a b l i s h e d   w i t h  a va lue  of 1080  pfd.  Askarel f i l l e d   u n i t s  were 

used  because  of   large  currents   being  handled  by  the  bank.  

With t h e   f u l l  bank  of 3 c a p a c i t o r s  (1080  pfd) t he   i nve r t e r   ope ra t ed  

very w e l l  w i t h   t h e   f u l l  test vol tage   range   (up   to  142 v o l t s )  a t  60 Hz. 

Performance w a s  a l s o   s a t i s f a c t o r y  a t  25 Hz and  up t o   8 5   v o l t s ,   t h e   h i g h e s t  

t e s t e d .  However, a t  45 Hz t h e   i n v e r t e r   s h o r t e d  when even  the  lowest  DC 

i npu t   vo l t age  w a s  appl ied.  

With a reduced  bank  of 2 c a p a c i t o r s  (600 p fd ) ,   t he   i nve r t e r   fu rn i shed  

power w i t h o u t   d i f f i c u l t y   a t  25 and  45 Hz, bu t   w i th   t he   con t ro l  set f o r  

60 Hz t h e   i n v e r t e r   s h o r t e d   o u t  when output  was i n i t i a t e d .  

When t h e   i n p u t   l i n e   c a p a c i t o r  was changed t o   o n e   u n i t  (300 p fd ) ,   t he  

i n v e r t e r   s a t i s f a c t o r i l y   s u p p l i e d  power a t  a l l  f requencies  a t  45  and  85 

v o l t s .  However, a t  135 v o l t s  60 Hz t h e  

i n v e r t e r   s h o r t e d   o u t   a f t e r   c a r r y i n g   t h e  

and  conditions had n e a r l y   s e t t l e d  down. 
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test (CP-14A) was no t   i nc luded   i n   Tab le  V, b u t   i n d i c a t e d  a very low 

ef f ic iency   and   deve loped   pressure ,  as compared w i t h   t h e   r e s u l t s   r e c o r d e d  

f o r  test CP-14 and t h e   f u l l  bank  of   input   capaci tors .  

The photographs  of   osci l lope traces t aken   du r ing   ce r t a in   o f   t he  tests 

a t  60 Hz i n d i c a t e   t h e   e f f e c t  of t h e   i n p u t   c a p a c i t o r s   o n   t h e   o u t p u t   c u r r e n t  

wave shape.  Referring  to  Figure  25,  it will b e   n o t e d   t h a t   w i t h   t h e  1080 

pfd  bank,  the wave shape is r e l a t i v e l y  smooth.  However, with  only 300 pfd 

t h e  wave  becomes very  ragged  and  apparent ly  is much less e f f e c t i v e   i n  

o p e r a t i n g   t h e  pump. It i s  a l so   obv ious   t ha t  more harmonic  current  i s  

f lowing   which   a f fec ts   the   per formance   of   the   i ron   and   the   in te rac t ion  may 

be   the   reason  v7hy the   sho r t ing   occu r red  a f te r  a l imi ted   per iod   of  t i m e  

and t h e  pump windings  and  core  had  reached  higher  temperatures.  

S i m i l a r   e f f e c t s  a t  25 Hz and 45 Hz are o b s e r v a b l e   i n   t h e   c u r r e n t  

traces shovm i n   F i g u r e  26, as t h e   i n p u t   c a p a c i t o r   v a l u e  is changed  from 

1080 o r  600 t o  300 pfd.   Ho~7ever ,   the   effect  a t  25 Hz i s  no t   ve ry   g rea t .  

The shor t ing   o f   t he  inverter d i d   n o t  damage any  of  the  components. 

However, h igh  DC c u r r e n t  vas f lowing   dur ing   the   shor ted   per iod   which   i f  

i t  was not  promptly removed  by  manually  tr ipping  the  motor-generator 

ou tpu t   con tac to r ,  was c leared   by   mel t ing   o f   the  300 ampere l i n e   f u s e s .  

It is sugges t ed   t ha t   t he   sho r t ing   i nvo lved  a f a i l u r e  of the   poaer  SCR's 

t o   b e  "commutated o f f " ,   due   t o   t he   c i r cu i t   cond i t ions   be ing   i ncompa t ib l e  

v i t h   t h e   d v / d t   c h a r a c t e r i s t i c s   o f   t h e  SCR's. Then because   the  SCR's d i d  

n o t   t u r n   o f f ,   i n p u t   l i n e   c u r r e n t  was flowing  through a l l  of them i n   p a r a l l e l  

and t h e  m-g set o u t p u t   u n d e r   s h o r t   c i r c u i t   c o n d i t i o n s   ( w i t h   t h e   s e v e r a l  

hundred   fee t  of cable  between m-g set  and   i nve r t e r )  was not   high  enough  to  

exceed  the SCR s h o r t  time c u r r e n t   r a t i n g s .  
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Further  analysis  and  investigation  of  the  effect  of  the  input  line 

capacitor  size  is  needed  to  determine  the  mechanism  of  the  operating 

failure  experienced,  and  to  determine  safe  parameters  for  the  circuit 

components. 

2. Pump  Performance 

Actual  pump  performance  with  quasi-square  wave  power  from  the  inverter, 

is  shown  by  the  curves  in  Figures  15,  16, 17 (for 60 Hz), 18  (for  45 Hz) 

and  19  (for  25 Hz). The 60 Hz curves  are  similar  to  those  obtained  for 

sine  wave  power  and  provided  in  Figures 4, 5  and  6.  A  comparison  of  the 

pump  performance  with  the  two  types  of  input  power  at 60 Hz is  given  by 

the  curves  in  Figures  20,  21  and 22. These  show  that  in  all  cases  the 

performance  is  poorer  with  quasi-square  wave  power.  With  135  volts  and 

design  point  flow  (3.25  lb/sec)  pressure  is  down  20%  (from  250  to  200  psi), 

power  input  is  down  4.3 KTJ or  19%,  although  efficiency  is  dox-m  only 1.5 

points  (from  16.2  to  14.7),  a  change  of  9.3%. It was  not  possible  to 

operate  the  pump  on  a  high  enough  voltage  from  the  inverter to reproduce 

the  design  point  of  3.25  lb/sec  flow  and  240  psi  developed  pressure. 

Similar  comparisons  of  performance  at  lower  voltages  and  frequency  show 

similar  (though  not  as  drastic)  reductions.  At  85  volts  and  a  (maximum 

efficiency)  flow  of 2.5 lb/sec,  the  pressure  is  dovm  from  112 to 89  psi 

(or  20%),  power  input  dotm  from  9.5  to 8.2 KW (or  14%)  although  efficiency 

is  down  only  from  i3.2  to  12.2%  (or 8%). At  45  volts  and  a  flow  of 1.5 

lb/sec,  pressure  is  dovm  18%  (from  38 to 31  psi),  power  input  from  3.0 to 

2.5 KW (or  16%)  but  efficiency  is  down  only  2.5%  (from 8.6 to 8.4%). These 

trends  are  all  in  line  with  expected  performance,  although  the  relatively 

minor  change  at  the  lower  voltages  is  a  little  surprising. 
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The l i m i t e d  number of tests a t  25 and 45 Hz provided   addi t iona l  

i n t e re s t ing   da t a .   F igu res  23 and 24 compare t h e s e  ~ W O  f requencies   with 

r e s u l t s  a t  60 Hz wi th  power input  a t  45 and 85 v o l t s .  Some a d d i t i o n a l  

d a t a   o n   t h e s e   c u r v e   s h e e t s   f o r   v a r i o u s   v a l u e s   o f   i n p u t   l i n e   c a p a c i t a n c e  

will a l so   be   d i scussed .  

A t  85   vo l t s   input   (F igure  241, t h e  fev7 test poin ts   ob ta ined  a t  t h i s  

vo l tage  a t  lower  (than 60 Hz) frequencies  (when the   cu r ren t   i nc reased  

apprec iab ly   due   to  pump reac tance   va lues) ,   p ressure   and   e f f ic iency  v7as 

always less t h a n   t h e  60 Hz va lues  (when f u l l   c a p a c i t y  v7as connected t o  

t h e  D. C. input  power). However, with  reduced  capacitance (300 pfd)  on 

t h e   i n p u t   l i n e   t h e   d a t a   i n d i c a t e s   p r e s s u r e  and   e f f i c i ency  are h igher  a t  

25 and  even 45 Hz than   t he   r e su l t s   f rom  the   one  test a t  60 Hz wi th  

300 pfd. 

A g r e a t e r  volume  of d a t a  v7as obtained with 45 v o l t s   i n p u t  a t  the 

three   f requencies  so t h a t   d a t a  is more  meaningful.  Referring  to  Figure 23, 

bo th   e f f i c i ency   and   p re s su re  are h igher  a t  t h e  l O P 7 e r  flo1-7~ with t h e  25 Hz 

quasi-square wave power than  with 60 Hz from t h e  same source.  This i s  t r u e  

w h e t h e r   o r   n o t   t h e   i n p u t   l i n e   c a p a c i t a n c e  is 1080 o r  300 pfd. A t  45 Hz, 

which  could  only  be  obtained  with 600 o r  300 pfd ,   the   p ressure   and  ef- 

f iency  were both  lower  than  the 25 Hz va lues   bu t   h ighe r   t han   t he  60 Hz 

values.  Thus t h e   o v e r a l l   d a t a   i n d i c a t e s   t h a t  a t  l O t 7 e r  vo l tages  and  flows 

t h e   l o w e r   f r e q u e n c y   r e s u l t s   i n   b e t t e r  pump performance  (but  not a t  h igher  

f lows   or   vo l tages) .   This   resu l t  v7as ant ic ipa ted   because  a t  low  flow, pump 

s l i p   i n c r e a s e s  wikh  reduced  frequency  providing  for  more  efficient  use  of 

electrical i n p u t  power. 

Photos  of certain osc i l loscope  traces show l i n e   c u r r e n t ,  i n  Figures  

25 and 26,  and   a l so   i nd ica t e   ~7hy   t he  pump p e r f o r m e d   b e t t e r   w i t h   t h e   l a r g e r  
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bank   o f   capac i to r s   ac ross   t he   i npu t   l i ne .  The c u r r e n t  wave, and thus  

effective power, was def in i te ly   smoother  a t  the   h igher   f requencies  (60 

and 45 Hz). A t  25 Hz t h e r e  w a s  less d i f f e r e n c e   i n   t h e  wave shapes  with 

d i f f e r e n t   i n p u t   c a p a c i t o r  valves a l though  the   d i f fe rence  was s t i l l  not ice-  

able .  

One o t h e r  item t h a t  may h a v e   a f f e c t e d   t h e   r e s u l t s  is the  instrumenta-  

t ion .  The wattmeter, voltmeter,   and ammeter were thermocouple  instruments 

and  capable  of  providing a t r u e  rms output  reading. However, wh i l e   t he  

vol tage  was r e a d   d i r e c t l y   f r o m   t h e   l i n e ,   t h e   c u r r e n t  was read  through 

commercial   type  current  transformers.  The poor wave shape  and  harmonics 

i n   t h e  l ine could  very w e l l  not   have  been  ful ly   passed  through  those C.T.'s 

and   t he re fo re   t he  rms cu r ren t   va lue  w a s  on   the  low s i d e   w i t h   e f f i c i e n c y  

showing  higher  than  actual.  
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VI. CONCLUSIONS 

The e l ec t romagne t i c   bo i l e r   f eed  pump has   been   successfu l ly   opera ted  

f o r  a t o t a l   o f  more than 10,000 hours a t  design  point   condi t ions,  pumping 

1000°F potassium  with a flow rate of 3.25 l b / s e c ,  a pressure  rise of 

240 ps i ,   and  power a t  approximate ly   132   vo l t s ,   whi le   the   s ta tor  ~7as being 

cooled  with 8W°F NaK. Average   e f f i c i ency   du r ing   t h i s   ex t ens ive   pe r iod  

of time M ~ S  16.27%. 

During  the  endurance test ,  t h e   o n l y   i n t e r r u p t i o n s   i n   c o n t i n u o u s  

opera t ion  were requ i r ed   fo r   f ac i l i t y   ma in tenance ,   and   t h i s  time amounted 

t o  only a fe1.7 days i n  t o t a l .  No s h u t  dotms were t h e   r e s u l t   o f  a f a i l u r e  

i n   t h e  pump although the l imited  change  noted i n  r e s i s t a n c e   o f   t h e   c o i l s  

t o  ground  would  appear t o  w a r r a n t   i n v e s t i g a t i o n  as to   t he   r eason ,   and  

methods f o r  improvements. However, as t h e   p l o t   o f   e f f i c i e n c y   o v e r   t h e  

e n t i r e   p e r i o d   ( r e f e r   t o   F i g u r e   1 )   i n d i c a t e s ,   t h e r e  v7as no   de t ec t ab le  

d e t e r i o r a t i o n  i n  t h e  pump performance  and  no  reason  to  believe it could 

no t   have   con t inued   i n   ope ra t ion   fo r   ano the r   10 ,000   hour s .  

A t  the   conclus ion  of the   endurance  test, t h e  series of  performance 

tests served   to   conf i rm  the   genera l .   conc lus ion   tha t   there  17as no  change 

i n   t h e  pump o p e r a t i n g   c h a r a c t e r i s t i c s .  The r e s u l t s ,  as shotm  by  the  curves 

p lo t t ed   f rom  the  tes t  da ta ,   ind ica te   no   no t iceable   devia t ion   f rom  the  

cu rves   ob ta ined   p r io r   t o   t he   endurance  test. The f i n a l   d a t a   c u r v e s  f a l l  

r i g h t  on t o p   o f   t h e   o r i g i n a l  test  data   curves:   Furthermore,   wi thin the 

limits of t h e  test f a c i l i t y  it v7as p o s s i b l e   t o  raise pump p r e s s u r e  (by 

c l o s i n g   t h e   t h r o t t l e   v a l v e )   u n t i l   t h e   f l o w   a c t u a l l y   s t o p p e d ,   b u t   t h e  pump 

opera t ion  t7as smooth  and  steady  r ight up t o   t h e  l i m i t .  

Operat ion  of   the pump a t  lower  frequencies (25 t o  45 Hz) using a 

quasi-square wave power source v7as successful ly   conducted,   providing  data  
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showing r e l i a b l e   o p e r a t i o n  a t  these  "off   design"  condi t ions.  A t  60 Hz 

with   the   quas i - square  wave power, pump performance was good,  but  not com- 

p a r a b l e   t o   t h e   s i n e  wave power. 

Overa l l ,   t he  pump and test f a c i l i t y   o p e r a t e d   i n  a v e r y   s a t i s f a c t o r y  

manner ,   espec ia l ly   wi th   s ine  wave power. Pump output  was e a s y   t o   c o n t r o l  , 
and the   fac i l i ty   permi t ted   easy   and   prompt   ad jus tment   o f   such   parameters  

as f low,   pressure,   and  temperature .  

The pump gave somewhat poorer   performance  using  quasi-square wave 

power t h a n   s i n e  wave power.  The quasi-square wave forms were qui te   "ragged" 

a n d   s e n s i t i v e   t o   t h e  amount o f   capac i t ance   u sed   ac ross   t he   i npu t  DC l i n e  

t o   t h e   i n v e r t e r .   I n   o r d e r   t o   a c h i e v e   t h e  maximum  pump e f f i c i e n c y   i n   f u t u r e  

space  systems, i t  will b e   n e c e s s a r y   t o   c a r e f u l l y   m a t c h   i n v e r t e r   o u t p u t   a n d  

pump t o   a c h i e v e  optimum wave s h a p e s   f o r   t h e   b e s t  pumping. 
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APPENDIX A 

ENDURANCE TEST PLAN 

I. INTRODUCTION 

This test p l an   spec i f i e s   t he   endurance  test condi t ions  and  data  

which i s  to   be   ob ta ined ,   whi le   the  pump is o p e r a t i n g   f o r  a yer iod  of 

10 ,000   hours ,   a f te r  i t  has  successful ly   completed  the  performance test 

program. 

11. GENERAL 

Endurance  tes t ing will b e   p e r f o r m e d   w i t h   t h e   f a c i l i t y   e s s e n t i a l l y  

una t t ended ,   a f t e r   an   i n i t i a l   pe r iod   o f   ope ra t ion   demons t r a t e s   t ha t   t he  

pump and f a c i l i t i e s  will opera t e   ove r  a per iod  of  t i m e  w i th in   accep tab le  

f l u c t u a t i o n s  (limits) but   no   bas ic   ad jus tments  of flo1-7, h e a t e r s ,  etc. 

Endurance test condi t ions are as fol101-7s: 

1. Potassium  flow - 3.25 l b / s e c ,  2 0.3 l b / s e c  

2. Potassium i n l e t   t e m p e r a t u r e  - 1000°F, 2 15'F 

3. Potas s ium  in l e t   p re s su re  - 8 p s i a ,  2 1 p s i a  

4. Potassium  discharge  pressure - 248 p s i a ,  2 6 p s i a  

5. NaK i n l e t   t e m p e r a t u r e  - 800°F, 2 10°F 

6. NaK ou t l e t   t empera tu re  - 850  F, 2 10°F 0 

111. INSTRTJIBNTATION AND CALIBRATION 

P r i o r   t o  start of  the  endurance test ,  c a l i b r a t e  a l l  p re s su re   t r ans -  

ducer  outputs  and  check  f low meter in   t he   po ta s s ium  loop   aga ins t   t he  

o r i f  ice. 

All temperature  recording  instruments will be  checked  on a monthly 

schedule   in   accordance   wi th  NSP i n s t r u c t i o n s .  
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I V .  TEST RECORDING AND MONITORING 

The test w i l l  opera te   wi thout   cons tan t   a t tendance   by  a technic ian ,  

bu t   wi th   the   fo l lowing   schedule   o f   inspec t ion   and   da ta   t ak ing .  

1. Once each  day a complete set of  performance  data w i l l  b e  re- 

corded  on Form NS-1304 (Figure A-1) and   checked   wi th   p rev ious   da ta   shee ts  

t o   de t e rmine   any   va r i a t ions .  An out-of- l imits   condi t ion (refer t o  

Sec t ion  I1 above) i s  to   be   b rough t  a t  once   to   the   a t ten t ion   of   the   manager  

of S ta t ic  T e s t i n g   f o r   a c t i o n .  The  completed  forms will p e r i o d i c a l l y   b e  

s e n t   t o   t h e  Program  Manager f o r  review and  ana lys i s .  

2. Once e a c h   s h i f t   ( t h r e e  times pe r   day )   t he  items (except #l) shown 

on t h e  Check L i s t  Form  NS-1359 (Figure A-2) will be  inspected  and  acknowledged 

( i n i t i a l e d ) .  Any discrepancy w i l l  b e   b r o u g h t   p r o m p t l y   t o   t h e   a t t e n t i o n   o f  

t h e  Manager o f   S t a t i c   T e s t i n g .  

3. A t  t h e  start  of  the  endurance test, then   every   100   hours   for   the  

f i r s t  500 hours,   and  then  each  500  hours,   the  supplemental  test d a t a   i n f o r -  

mation  (use  form shown i n   F i g u r e  A-3) i nc lud ing   r e s i s t ance   o f   w ind ings  , 
r e s i s t a n c e   t o   g r o u n d ,   s t a t o r l d u c t   c a v i t y   p r e s s u r e ,  etc. w i l l  be   ob ta ined .  

The r e s u l t s  will b e   r e f e r r e d   t o   t h e  Program  Manager. 

4. A t  t h e  start of the  endurance tes t ,  t h e n   a f t e r  500 hours,  1000 

hours ,   and  each  subsequent   1000  hours   or  as directed  by  the  Program  Manager,  

a sample will be  taken   of   the   po tass i -um  and   ana lyzed   for  02, C and Ta. 

The r e s u l t s  w i l l  b e   r e f e r r e d   t o   t h e  Program  Manager. 
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I BOILER  FEED EM  PUMP PERFORMANCE DATA 

Date Operator Test Run Hour 

r-~ Remarks 

I I 

I FLOWS I 
K-flow Ib/sec  gpm 

Ib/sec  gpm 

NaK Flow Ib/sec  gpm 

I PRESSURES I 
Pump Suction MV psia 

Pump  Discharge (PK2) MV psia 

(PK3) MV psia 

Pump  Cavity MV  psia 

Pump  Head  psi 

I POWER I 
Electrical Input KW 

Voltage $1 $2 $3 

Current L1 L2 L3 amps 

CALCULATIONS 

Power Factor - KW 

KVA 
" 

- 

0.195 Ib/sec  AP 
Hydraulic Power = 

Density,  Ib/$ 

Efficiency = 
Hydraulic KW 

Elect.  KW 

Figure A-1 
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EM BOILER TEST FACILITY 

CHECK LIST 

The fo l lowing   checks   sha l l  be performed  once  per   shif t   dur ing  performance 
tes t lng   and   once  per day  on t h e  1st s h i f t   d u r i n g   e n d u r a n c e   t e s t i n g .  The d a t e ,  
t1f.e a n d   i c i t i a l s  of the   t echnic ian   making   the   check   sha l l  be recorded   on   th i s  
s h e e t   f o r   e a c h  item. 

Date  Date Date 
Time I n i t i a l s  "me I n i t i a l s  Time I n i   t i n l s  I tem 
- - - - - - - 

# 
4 

1. Record  complete set 
of  data  on NS 1304. 

2. Check cha r t   pape r ,  ink 
supply & s t anda rd ize  
r eco rde r s  & i n d i c a t o r s .  

3. Test annuncia   t ion 
sys t em  ( a l l   l i gh t s   on )  

4 .  Check  Pyr-A-Lam  Power 
l i gh t   on .  

5 .  Check level  probe  power 
supp l i e s  & r eco rd   cu r ren t  

6 .  Check c e l l  f o r  smoke. 

i .  Check scrubber  blower on,  
nater  f low  normal.   no 
high pres su re   acc ross  
f l l t e r .  L i s t e n  for 
unusual  noise.  

S .  Check oil level   and 
condi7 ion   in  vacuuni pump. 

9. Check ground  detector  
reading.  

10. Check SaK pump s t a t o r  
temperature .  

11. Bleed cooler a i r  
f i l t e r .  

12. Check argon  supply 
pressure .  
Remarks : 

. 

HS 1359 

"- " - 

Figure  A-2 
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EN BOILER FEED PlJ"  SUPPLEMENT TEST DATA 

PART I 

PART I1 

Figure A-3 
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APPENDIX B 

FINAL PUMP  PERFORMANCE  TEST  PLAN 

I. INTRODUCTION 

The EM b o i l e r   f e e d  pump has  been  on  endurance test s ince   Augus t  18, 

1969. It will have  accumulated a t o t a l   o p e r a t i n g  time, a t  d e s i g n   p o i n t  

c o n d i t i o n s ,   o f  10,000 hours   on  October  26,  1970. 

A t  t h e   c o n c l u s i o n   o f   t h e  10,000 hour  test ,  a series of  performance 

tests will b e  made, u s i n g  60 Hz shop  power   ( the   p resent   power   supply)   to  

recheck  certain o p e r a t i n g   c o n d i t i o n s   f o r   c o m p a r i s o n   w i t h   t h e   o r i g i n a l  

d a t a .   F o l l o w i n g   t h i s  test  work, t h e  power supply  w i l l  b e   c h a n g e d   t o   t h a t  

which will be  a quas i - square  wave s o u r c e  as provided  by a t y p i c a l  DC t o  

AC i n v e r t e r .  A series o f   add i t iona l   pe r fo rmance  tests w i l l  t h e n   b e  made 

t o   o b t a i n   d a t a   u s i n g   t h e   i n v e r t e r .  

Fo l lowing   t he  last  test series, t h e   l i q u i d  metal will be  removed 

f rom  the  pump, t h e  pump c u t   f r o m   t h e  test loop ,   and   p repa red   fo r   s to rage .  

Th i s  test p l a n  will o u t l i n e   t h e  test  p o i n t   c o n d i t i o n s   a n d   o v e r a l l  

p r o c e d u r e s   f o r   c o m p l e t i n g   t h e   c o n t r a c t  test work. 

11. PERFORMANCE  TEST WITH 60 Hz  SHOP  POWER 

1. A t  t he   end   o f   t he  10,000 hour   endurance test p e r i o d ,   a n d   p r i o r  

t o   t h e   p e r f o r m a n c e   t e s t i n g ,   s a m p l e   a n d   a n a l y z e   t h e   p o t a s s i u m   i n   t h e  test 

loop.  Also, s h u t   o f f   t h e  test  pump and  determine  the  winding  and  ground 

r e s i s t a n c e ,   a n d   t h e   a r g o n   p r e s s u r e   i n   t h e  pump a n d   s t a t o r  cavities. 

2. Conduct   the series of  performance tests ( a  minimum of 15 test 

c o n d i t i o n s ) .   F o r   d e t a i l s   o f   t h e  test c o n d i t i o n s ,   r e f e r   t o   d a t a   i n   T a b l e  B-1. 
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Pre fe rab ly   t he  test runs  should  be i n  the   s equence   i nd ica t ed   i n   t he   t ab l e .  

A t  t h e  start o f   t h e   s h i f t  of t e s t i n g ,  set t h e  "Winding Temperature" meter 

r e l a y  (MI.) alarm po in t  a t  1250°F and  t r ip-off  a t  1300'F. Also, set t h e  

"K Test Pump Over-Pressure" alarm (M7) a t  350 ps ia .  However, t h e  test 

must n o t   b e   l e f t   u n a t t e n d e d  when condi t ions  are nea r   t hese  maximums, and 

a l l  limits must be   reduced   to   the  endrmance test condi t ions  when performance 

da ta   t ak ing  i s  n o t   i n   p r o g r e s s  (M1 a t  1200/1250°F  and M 3  a t  250/300 p s i a ) .  

3. Each ne17 set of test condi t ions  are t o  be   e s t ab l i shed ,  and  then 

t h e  pump is t o   o p e r a t e   f o r  a minimum of 15 minutes  without  adjustment  of 

basic  parameters  (pressure  and  voltage)  before  recording  the tes t  d a t a  

(use Form NS-1304, Figure A-1). 

4 .  Afte r  a l l  d a t a  i s  ava i l ab le ,  it will b e   p l o t t e d  i n  curve  form, 

and  approved  by t h e   P r o j e c t  Hanager,   before  shutting dotm t h e  pump.  When 

approved,  the test pump will b e   s h u t   o f f ,   t h e  air c o o l e r s   s h u t   o f f ,   t h e  

NaK l e f t   c i r c u l a t i n g ,   a n d  trace hea ters   energ ized  so  as to   ma in ta in   t he  

f i l l e d  K loop a t  o r   n e a r  a temperature  of 800°F. 

111. SET UP FOR  TEST WITH POFmR INVERTER 

1. The inver te r ,   which  will have  been  checked a t  assembly  with 101.7 

power, will be  set on the   conc re t e   f l oo r   nea r   t he   sou thwes t   co rne r  of t h e  

test loop  enclosure.  Power i n p u t   t o   t h e   i n v e r t e r  nil1 be  attached,  and 

ou tpu t   t o   t he  pump will be  connected aB the   capac i tor   bus   (under   the  pump) 

a f t e r   d i sconnec t ing   t he   ex i s t ing   supp ly   cab le s  and a l l  capacitors.  Connect 

a ca thode   ray   osc i l loscope   to   the   ou tput   t ransformers   for   checking   purposes .  

2. Proper   control   of   the   supply  vol tage ~i.11 be   checked   a f t e r   t he  

wiring  has  been  inspected,  and  before power i s  a p p l i e d   t o   t h e  pump. This  

will be  done  with  the  disconnect  under  the pump i n   t h e  open p o s i t i o n .   I f  
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a l l  checkouts are s a t i s f a c t o r y ,   t h e  pump disconnect  may be  closed,  and 

performance  tes t ing,  as descr ibed below, will b e   i n i t i a t e d .  

IV.  PERFORMANCE  TEST  WITH  POWER  INVERTER 

1. This series of tests w i l l  be   conduc ted   t o   ob ta in  tes t  d a t a   f o r  

t h e  test condi t ions  shown i n  Table B-2. These tests w i l l  cover a minimum 

of 25 d i f f e r e n t  test condi t ions.  

2. Pre fe rab ly   t he  test runs will b e  made i n   t h e  sequence  indicated 

i n   t h e   t a b l e .  A t  t h e  start o f   e a c h   s h i f t   o f   t e s t i n g ,  set t h e  "Winding 

Temperature"  and "K Tes t  Pump Over-Pressure" meter r e l a y s   t o   t h e   v a l u e s  

g i v e n   i n  11-2 above. A t  t h e   c l o s e   o f   t h e   d a i l y   s h i f t   o f   t e s t i n g ,   t h e  

meter r e l a y s  are to   be   r e tu rned   t o   t he   endurance  test cond i t ions ,   fo r  pump 

opera t ion  wi t l .  l i m i t e d   t e c h n i c i a n   a t t e n t i o n .  

3. E s t a b l i s h   t h e  test cond i t ion   ( a s  shown i n   T a b l e  B-2) for   each  

test, and  observe  the pump o p e r a t i o n   f o r  a minimum of 15 minutes  without 

appreciable   adjustment ,   before   recording  the test da ta   (u se  Form NS-1304, 

indicat ing  Frequency  data) .  Also, make photographic   records   o f   the   cur ren t  

and  voltage wave shapes  (as  measured a t  t h e   o u t p u t   o f   t h e   i n v e r t e r )   f o r   t h e  

test cond i t ions   i nd ica t ed  i n  Table B-2. 

V. POST  TEST ACTIVITY 

1. A t  the  conclusion  of   the  performance test w i t h   t h e  inverter, and 

after data   has   been  accepted by t h e  Program  Manager as complete  and satis- 

fac tory ,  remove  power  from t h e  pump and  again  check  winding  and  ground 

res i s tance .  Then reconnect   the  60 Hz shop power, a f t e r  removing a l l  con- 

n e c t i o n s   f o r   t h e   i n v e r t e r  test. The NaK will c o n t i n u e   t o   b e   c i r c u l a t e d  

du r ing   t h i s   pe r iod   o f   ac t iv i ty .  
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2. Re-energize  the pump with 60 Hz shop  power, I r i n g  K i n   t h e  pump 

l o o p   t o  1000°F, and  turn  on trace hea ters .  Then dump bo th   t he  K and NaK 

and  de-energize  the NaK pump. Sample  and  analyze  the NaK. 

Es tab l i sh   and  maintain a vacuum on  both  loops,  and  keep  reduced 

power on   the  test pump to  maintain  the  winding  temperature  T/C's a t  

approximately 1000°F. The T/C a t  the   duc t   ou t le t   should   read   be tween 

700 and 800°F. Also, watch   the   duc t   cav i ty   p ressure ,   which   mus t   s tay  

below 23 ps ia .   Adjus t   the  pump input  power as needed t o   m a i n t a i n   t h e  

temperature  and  pressure levels. Lover   the  temperatures   of   the  dump tanks 

to about 170°F a t  t h i s   p e r i o d   o f  t i m e .  Continue i n   t h i s   o v e r a l l   c o n d i t i o n  

f o r  a t  least 48 h o u r s ,   a n d   u n t i l   i n s t r u c t i o n s   t o   p r o c e e d  are given  by 

the  Program Manager, based  on advice by   t he  Materials Analysis   engineers  

t h a t   t h e  K and NaK have   been   e s sen t i a l ly  a l l  d i s t i l l e d  from  the pump duct  

and  cooling  passages.  

3. Valve o f f   t h e  dump tanks,  remove  power  from t h e  pump, and l e t  i t  

coo l  t o  room temperature. Then  remove a l l  i n s u l a t i o n ,  power leads,   and 

T/C's, and   p repa re   t o   cu t   t he  pump from  the test loops.  Make a f i n a l  

(room temperature)  check  of  winding  and  ground  resistances. Also duc t  

and s t a t o r   c a v i t y   g a s   p r e s s u r e s .  

4 .  Flood  system with argon  gas,  making  sure it c i r cu la t e s   t h rough  

pump passages  without  any  problems. Then c u t  a l l  p ipes  vith cover  gas 

flowing,  stopper  the  openings,   and remove pump from tes t  loop. 

5. Seal a l l  pipe  openings  and f i l l  duc t   and   s t a to r   cav i ty  with pure 

argon a t  15 ps i   p ressure .   Prepare ,   pack ,   and   sh ip  pump t o  NASA-Lewis, 

as in s t ruc t ed   by   P ro jec t  Manager. 
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TABLE B-1 

FINAL PUMP  PERFORMANCE  TEST  CONDITIONS  WITH 60 Hz SINE WAVE POWER 

wi th :   Po ta s s ium  In l e t   Tempera tu re  of lOOO'F + lO'F 
N a K  I n l e t   T e m p e r a t u r e  of 800'F + lO'F 2nd At = 50'F 
Pump I n l e t   P r e s s u r e  of 8.0 psia- 

T e s t  
No. - 
FP1 

FP2 

FP3 

FP4 

FP5 

FP6 

FP7 

FP8 

FP9 

FPlO 

F P l l  

FP12 

FP13 

FP14 

FP15 

Pump Power, 
Volts 

135 

135 

85 

85 

45 

45 

Potassium 
Flow  Rate- lb/sec 

3.25 

3.75 

4.25 (or m a x  p o s s i b l e )  

2.75 

2 .25   (or   min   for  350 p s i )  

4 .0   (or  m a x  p o s s i b l e )  

3.25 

2.5 

1.5 

0.75 

0.75 

1 .2  

1.6 

2.0 

2.5 (or m a x  p o s s i b l e )  

38 



TABLE B-2 

PUMP PERFORMANCE  TEST CONDITIONS USING INVERTER 

Test 
No. - 

* CP1 
CP2 
CP 3 
CP4 * CP5 

* CP6 
CP 7 
CP8 
CP9 

* CPlO 

* CP11 
CP12 
CP13 
CP14 

* CP15 

* CP16 
CP17 
CP18 
CP19 

* CP20 

* CP21 
CP22 
CP23 
CP24 

* CP25 

w i t h :   P o t a s s i u m   I n l e t   T e m p e r a t u r e  of lOOO'F + lO'F 
NaK I n l e t   T e m p e r a t u r e  of 800'F + lO'F 
Pump I n l e t   P r e s s u r e  of 8.0 ps ia-  

- 

V o l t s  

45 

T 
I 
I 
I 
1 

45 

85 

85 

135 

135  

45 

45 

45 

45 

Pump Power Po ta s s ium Flow 
Rate 

Frequency,  Hz 

60 
A 

Y 

60 

45 

1 

I 
45 

25 

25 

l b l s e c  

0.75 
1.2 
1.6 
2.0 
2.5 (or m a x  p o s s i b l e )  

4 .0   (or  rnax p o s s i b l e )  
3.25 
2.5 
1.5 
0.75 

2 .25   (or   min .   for  350 p s i )  
2.75 
3.25 
3.75 
4 .25   (or  max p o s s i b l e )  

0 .75   (or  min p o s s i b l e )  
1 .2  
1 . 6  
2.0 
2 .5   (or  max p o s s i b l e )  

0 .75   (o r   min   poss ib l e )  
1 .2  
1 .6  
2.0 
2.5  (or  max p o s s i b l e )  

* Take  photos  of c a t h o d e   r a y   o s c i l l o p e   c u r r e n t  trace 
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APPENDIX C 

WATER FLOW TEST ON AN ALUMINUM PUMP DUCT TEST MODEL 

By James P. Couch 
NASA-Lewis Research  Center 

Pressure   d rop  tests were made on  an  aluminum  model  of t h e   b o i l e r  

feed  EM pump duct   us ing  water as the  working f h i d .  The  aluminum duct ,  

i n c l u d i n g   t h e   t a n g e n t i a l   i n l e t   a n d   c e n t e r   r e t u r n   o u t l e t ,  was dimension- 

a l l y   t h e  same as t h e  T-111 EM pump duct .  The test f a c i l i t y  was designed 

t o   a l l o w   t h e   d u c t   t o   b e   t e s t e d   w i t h   f l o w   e n t e r i n g   t h e   t a n g e n t i a l   i n l e t  

o r   t he   cen te r   r e tu rn   ou t l e t .   I n s t rumen ta t ion   i nc luded   ca l ib ra t ed   bourdon  

tube  pressure  gages,  a turbine  f lowmeter,   and a thermocouple  to  measure 

water temperature.  

F igure  C-1 shows a p l o t   o f   t h e   p r e s s u r e   d r o p   d a t a   t a k e n   i n   b o t h   t h e  

n o r m a l   f l o w   d i r e c t i o n   ( f l o w   e n t e r i n g   t h e   t a n g e n t i a l   i n l e t )  and t h e  

reverse ( f l o w   e n t e r i n g   t h e   c e n t e r   r e t u r n   o u t l e t ) .  A t o t a l   o f  20 runs 

were t aken   i n   t he   no rma l   f l ow  d i r ec t ion  and  12 i n   t h e   r e v e r s e .  

The d a t a   f i t   p a r a l l e l   s t r a i g h t   l i n e s  on a log-log  plot   each  with 

slopes  of  about  1.9.  The difference  between  the  curves  is about  28  percent.  

Because  of   the  difference  in   physical   propert ies   between room temper- 

a t u r e  water and  1000°F l iqu id   po ta s s ium,   t he   p re s su re   d rops   measu red   i n  

the  water tests are about  1.85 times l a r g e r   t h a n   p r e s s u r e   d r o p s   i n  po- 

tassium a t  corresponding  f low rates. 
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APPENDIX D 

INVERTER CIRCUIT DESIGN AND OPERATION 

By Robert J. Frye, B i l l  D. I n g l e ,  and Martin E. Valgora 
NASA-Lewis Research  Center 

The power source   used   for   the   quas i - square  wave por t ion   of   the  pump 

performance test program was a three-phase ,   s i l i con-cont ro l led   rec t i f ie r  

(SCR) s ta t ic  i n v e r t e r .  This i n v e r t e r  is capable  of  supplying more than 

50 kVA. A schematic  of  the power o u t p u t   s t a g e   o f   t h i s   i n v e r t e r  i s  shown 

i n   F i g u r e  D-1. A un ique   f ea tu re   o f   t h i s   t ype   o f   i nve r t e r  i s  t h a t  a 

common commutation c i r c u i t  is  shared by a l l  t h e  power t h y r i s t e r s ,  re- 

qui r ing   on ly   one  commutating capac i tor ,  C ,  and two inductors ,  L. The 

f o u r  commutating t h y r i s  ters (SCR3 through SCR6) are a l t e r n a t e l y   f i r e d   i n  

p a i r s  (SCR3 and SCR6 o r  SCR4 and S C S ) ,   t u r n i n g   o f f  a l l  conducting  load 

thy r i s t e r s .   Th i s  method of  commutation  requires  that   commutation  occur 

a t  the  zero  crossing  of   each  phase  vol tage  or  every 60 degrees.  This 

will r e s u l t   i n  small n o t c h e s   i n   t h e   o u t p u t   v o l t a g e  waveforms a t  60 degree 

i n t e r v a l s .  The magnitude  of   the  inverter   output   vol tage may be   var ied   by  

changing  the D.C. i n p u t   v a l t a g e   t o   t h e   i n v e r t e r .  The i n v e r t e r  was designed 

to   ope ra t e  a t  25, 45 o r  60 Hz. 

I n t e g r a t e d   c i r c u i t r y  1.7as used   to   genera te  a l l  t h e   t h y r i s t e r   g a t e  

s i g n a l s .  A s c h e m a t i c   o f   t h i s   c i r c u i t r y  and a timing  diagram  of some of 

t h e   s i g n a l s   g e n e r a t e d   b y   t h i s   c i r c u i t r y  are shown i n   F i g u r e  D-2 and D-3. 

High threshold level (15 v o l t   s u p p l y )   d i g i t a l   l o g i c  was used  because  of 

i t s  h igh   no ise   margin   and   re la t ive ly   s low  swi tch ing   speed .  Both  of  these 

c h a r a c t e r i s t i c s  make t h i s   l o g i c  more immune t o  electrical  noise .  
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The c i r c u i t r y   f u n c t i o n s   i n   t h e   f o l l o w i n g  manner.- (Refer t o   F i g u r e  D-2) 

Operat ional   amplif ier  I C 1  is wired as an   o sc i l l a to r ,   p roduc ing  a square- 

wave ou tpu t   t h ree  times the   ou tput   f requency   of   the   inver te r .   Three  

d i f f e ren t   ope ra t ing   f r equenc ie s  may be  obtained  by means of  the  frequency- 

se l ec to r   swi t ch .  A g a t e  is  connec ted   t o   t he   ou tpu t   o f   t he   o sc i l l a to r   t o  

improve  the  shape  of   the waveform  and  prevent   loading  the  osci l la tor .  The 

ou tpu t   o f   t h i s   ga t e  is f e d   t o   t h e   p h a s e   s h i f t   c i r c u i t r y   c o n s i s t i n g  of  12 

g a t e s  (IC5, IC6 and  IC7). I n   t h i s   p o r t i o n  of t h e   c i r c u i t r y  the t h r e e  

phase   s igna l s   and   t he i r  complements are generated.  The o s c i l l a t o r   s i g n a l ,  

phase A and its complement, is shotm  by  Patterns 0 , @ and @ of 

the  timing  diagram.  (Figure D-3). N o t e   t h a t   t h e   p h a s e   s h i f t   o u t p u t  

s ignal   f requency is one - th i rd   t ha t  of t h e   o s c i l l a t o r .  

A s  previously  ment ioned,   the   commutat ion  thyris ters  are a l t e r n a t e l y  

f i r e d   i n   p a i r s   e v e r y  60 degrees ,   each   pa i r   be ing   f i r ed  every 120  degrees 

of   the  output   cycle .  The necessary  commutation  pulses are generated  by 

f eed ing   t he   o sc i l l a to r   s igna l   and  its complement t o  a dual  monostable 

m u l t i v i b r a t o r  ( I C 3 ) .  The pulse   wid th  of the  dual   monostable  i s  set f o r  

20 p sec. The tvo output   s igna ls   o f   dua l   monos tab le  ( @ and @, i n  

the  t iming  diagram) are buffered   by   the   ga tes   o f  I C 1 3  and   then   fed   to  

t r a n s i s t o r s  Q1 through 44 f o r   c u r r e n t   g a i n .  

Each time commutation occurs,  a time per iod   or   dwel l  time must  be 

provided  to  ensure  that   commutation  has  been  completed  before  the  load 

t h y r i s t e r s  are turned on. This is accomplished by t ak ing   the  complement 

of   both  of   the  commutat ion  pulse   s ignals   avai lable  a t  I C 3  and  gat ing them 

together.  The output   of   the   gate   goes  to   monostable  I C 4 .  The monostable 

ou tpu t   s igna l  ( @ of  the  t iming  diagram) is combined with each   of   the  

phase-sh i f t   c i rcu i t   ou tputs   th rough  the   use   o f   the  s ix  ga te s   con ta ined   i n  
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IC9, IC10 and I C 1 1 .  Also  fed  to   each  of   these  gates  i s  a cont inuous  pulse  

t r a in   gene ra t ed   by   t he   t h ree   ga t e s   o f  I C 8  and the   pa r t s   a s soc ia t ed   w i th  

them. The p u l s e   t r a i n   c o n s i s t s   o f  10 1.1 sec pulses  every  100 1.1 sec. There 

are two advantages i n  using a p u l s e   t r a i n   t o   f i r e   t h e   l o a d  SCR's. I f   t h e  

i n i t i a l   p u l s e   d o e s   n o t   t r i g g e r   t h e  SCR, t h e r e  are "backup" pulses   ava i lab le .  

Also, s i n c e   t h e   l a g g i n g  power f a c t o r   o f   t h e   l o a d  (EM pump) will prevent   the 

complement SCR of each  phase  f rom  turning  on  unt i l   the  reactive c u r r e n t  

f low i s  ze ro ,   t he   pu l se   t r a in  will permit   the   load SCR t o   b e   f i r e d   w i t h i n  

100 l.~ sec of   the  zero reactive cur ren t   condi t ion .  

Connected t o   t h e  same bus   t ha t   supp l i e s   t he   pu l se  train i s  a n   " i n h i b i t  

switch." When i n   t h e   c l o s e d   p o s i t i o n ,   t h i s   s w i t c h   g r o u n d s   o r   i n h i b i t s   e a c h  

of t h e  six g a t e s  (IC9-IC11) t h a t   s u p p l y   f i r i n g   p u l s e s   f o r   t h e   l o a d  SCR's. 

This mode of   operat ion is used   on ly   du r ing   s t a r tup   t o   ensu re   t ha t  com- 

mutation  energy is a v a i l a b l e   b e f o r e   f i r i n g   p u l s e s  are s e n t   t o   t h e   l o a d  

SCR's . 
A typ ica l   ou tput   o f   one   o f   the  s ix  g a t e s  (IC9-IC11) t h a t  combines 

t h e   p h a s e   s h i f t ,   d w e l l  time and p u l s e  train s i g n a l s  is shotm  by @ on 

the  timing  diagram  (Figure D-3) .  The outputs   of   these s ix  g a t e s  are fed  

t o   t r a n s i s t o r s  QS through Q l O .  T h e s e   t r a n s i s   t o r s   i n v e r t   t h e   g a t e   o u t p u t  

s igna ls   and   provide   cur ren t   ga in .  A t yp ica l   ou tpu t   fo r   one  of these  t ran-  

s i s t o r s  i s  shown by @ on the  timing  diagram. 

The commutation  and  load SCR s i g n a l s   a v a i l a b l e  a t  the   ou tput   o f  

t r a n s i s t o r s  Q 1  through QlO are fu r the r   ampl i f i ed   by   t en   i den t i ca l   d r ive  

c i r c u i t s  as shotm i n   F i g u r e  D-4. The d r i v e   c i r c u i t   p r i m a r i l y   c o n s i s t s   o f  

a pa i r   o f   t r ans i s to r s   connec ted  i n  a dar l ing ton   conf igura t ion   and   dr iv ing  

a one-to-one pulse   t ransformer.  The output   of   the   pulse   t ransformer is  

diode  coupled  to  the SCR, nominally  supplying a 1.5A ga te   pu lse .  
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F i g u r e  1. Curves of B a s i c   D a t a ,   T a k e n   D a i l y   D u r i n g   t h e   E n d u r a n c e   T e s t .  



I BOILER FEED  EM  PUMP  PERFORMANCE DATA I 

I FLOWS I I TEMPERATURES  (OF) I I K-Orifice Inlet - psig  AP 

K-flow +,7 MV 3, 3 Ib/w 

Ib/sec gpm 

NaK Flow 4, I 5 MV , .?< lblsec 5.5.5 gpm 

PRESSURES 

Pump Suction /:L. (3 MV 9, o psia 

I POWER I 

CALCULATIONS 

0.195 3. 3 Ib/sec J'i 2 AP 

44.  ?/ Density, Ib/ft3 
Hydraulic Power = 

3. '1- Y Hydraulic KW 
Efficiency = 

Elect.  KW 

= /&// % 

28 

29 

I 30 I I I I '  
: . Z : 4  '7 -691 Figure  2. copy of Actual T e s t  Data S h e e t   f o r   R e s u l t s   A f t e r  240 Hours on Test. 
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BOILER FEED EM  PUMP PERFORMANCE DATA 

Date Operator Hour Test Run 

I FLOWS I 
K-flow 4 .  40 MV 3,275 Iblsec gpm 

K-Orifice Inlet 

Iblsec  gpm 

NaK Flow MV ,572 Iblsec ,535 gpm 

I PRESSURES I 
Pump Suction /4.0 MV psia 

Pump  Discharge (PK2) - M V  - psia 

(PK3) M V J + S ,  I p i a  

MV 2/, / psia Pump  Cavity 

Pump  Head 240,o psi 

- 

I CALCULATIONS 

Power Factor 3g. g /  K V A  

0.195 3,25 Iblsec 240,O AP 
Hydraulic Power = $?$. 7 ? Density, lb/@ 

.3% Hydraulic KW 

270,7.2 Elect. KW 
Efficiency = '' 

I = ,//o. ,19 % 

5 

6 

NaK-Pump Inlet 

NaK-Pump Inlet 
797 
7P7 I 

27 

28 

I I I 
30 I 

N S ' 3 0 4  '7-6"Figure 3. Copy of  Actual Test Data Sheet  €or  Results  After 9544 Hours on Test. 
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F i g u r e  7. Performance T e s t  Resul ts   Comparing  Pressure  Developed 
f o r   V a r i o u s   F ~ O V J S ,  a t  45 ,   85 ,  and 135 V o l t s ,  60 Hz, 
Sine Wave Power. 
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Figure 9. Performance Test  Results  Comparing  Efficiency  and 
Power Factor f o r  Various  Flows,  at 45,  8 5 ,  and  135  Volts, 
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Figure 14. EM Pump in  Test Loop with Selector  Switches  and  Connections 

f o r  Quasi-Square Wave Tests. 
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Figure  25.  Oscilloscope  of  Traces of Current  Waves  with 60 Hz 
Quasi-Square  IJave  Power  Supply. 
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TABLE I 

DAILY ENDURANCE TEST DATA 
WITH PUMP AT DESIGN POINT CONDITIONS* 

Test Power 
No. Input-IGJ Voltage-V  Current-Amps Flow#/sec  Press-Psi  Pr.Factor  Efficiency-Z 

Average 3 Phase  Actual  Calculated 

E-1 
E- 2 
E- 3 
E-4 
E-5 
E-6 
E- 7 
E-8 
E-9 
E- 10 
E-11 
E-12 
E-13 
E-14 
E-15 
E-16 
E-17 
E-18 
E-19 
E-20 
E-21 
E-22 
E-23 
E-24 
E-25 
E-26 
E-27 
E-28 
E-29 
E- 30 
E-31 
E-32 
E-33 
E- 34 
E- 35 
E- 36 
E-37 
E-38 
E- 39 
E-40 
E-41 
E-4 2 
E-4 3 
E-44 

21.00 
21.44 
21.28 
21.48 
21.40 
21.40 
21.60 
21.20 
21.20 
21.20 
21.20 
21.60 
21.00 
20.80 
20.88 
21.00 
21.20 
21.20 
21.20 
21.60 
21.20 
20.96 
20.88 
21.20 
21.20 
21.20 
21.80 
21.64 
21.12 
20.80 
21.20 
21.12 
21.20 
21.20 
21.52 
21.40 
21.20 
21.20 
21.20 
21.20 
21.20 
21.60 
21.12 
21.00 

130.3 
132.1 
131.0 
132.0 
132.0 
131.0 
133.0 
130.3 
130.9 
131.0 
131.0 
131.8 
130.0 
130.0 
130.5 
129.9 
131.5 
131.5 
130.3 
131.5 
131.5 
129.4 
129.9 
130.3 
130.3 
130.5 
134.3 
131.8 
130.0 
130.5 
131.0 
130.0 
130.3 
130.5 
132.0 
130.7 
130.5 
130.7 
130.0 
131.1 
130.7 
132.0 
130.5 
130.5 

173.5 
175.7 
174.8 
175.5 
175.3 
175.8 
178.0 
174.1 
175.1 
175.5 
175.1 
176.0 
174.0 
173.2 
173.6 
173.8 
174.3 
176.1 
174.3 
176.3 
175.5 
173.5 
173.2 
173.9 
173.9 
174.5 
176.4 
175.4 
173.9 
174.1 
174.3 
173.5 
173.3 
173.6 
175.5 
173.7 
173.9 
174.3 
174.4 
174.3 
174.4 
176.2 
173.9 
173.6 

3.25 
3.30 
3.25 
3.30 
3.32 
3.25 
3.30 
3.20 
3.25 
3.25 
3.20 
3.25 
3.25 
3.22 
3.22 
3.25 
3.33 
3.25 
3.25 
3.25 
3.25 
3.22 
3.25 
3.25 
3.25 
3.25 
3.30 
3.20 
3.20 
3.20 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 

236 
238 
242 
240 
237 
244 
24 2 
242 
244 
244 
248 
248 
237 
237 
237 
237 
234 
240 
237 
242 
242 
240 
238 
237 
237 
237 
237 
243 
240 
240 
242 
237 
240 
240 
240 
242 
240 
240 
240 
240 
243 
242 
240 
240 

0.536 
0.534 
0.537 
0.536 
0.535 
0.531 
0.528 
0.531 
0.534 
0.533 
0.534 
0.538 
0.533 
0.534 
0.539 
0.538 
0.535 
0.529 
0.540 
0.539 
0.531 
0.540 
0.536 
0.541 
0.541 
0.537 
0.532 
0.541 
0.540 
0.532 
0.537 
0.541 
0.543 
0.541 
0.537 
0.544 
0.540 
0.533 
0.540 
0.536 
0.538 
0.540 
0.537 
0.536 

15.90 
15.97 
16.09 
16.05 
16.01 
16.13 
16.11 
15.90 
16.27 
16.27 
16.30 
16.25 
15.97 
15.97 
15.91 
15.97 
15.87 
16.02 
15.80 
15.85 
16.15 
16.05 
16.12 
15.82 
15.82 
15.82 
15.62 
15.62 
15.81 
16.10 
16.15 
15.86 
16.02 
16.02 
15.80 
16.00 
16.02 
16.02 
16.02 
16.02 
16.22 
15.86 
16.08 
16.17 

* Design  Point  Conditions - K in le t  = lOOO'F + 15'FY NaK i n l e t  = 800'F + 10°F 
NaK o u t l e t  = 850°F 5 10°F, Flow = 3.25 #/set, P r e s s  = 240 p s i  

- - 
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TABLE I (Continued) 

Test Power 
No. Input-Kl.J Voltage-V  Current-Amps  Flow-#/sec  Press..-Psi Pr.  Factor  Efficiency-% 

Average 3 Phase  Actual  Calculate'd 

E-45 
E-46 
E-4 7 
E-4 8 
E-49 
E-50 
E-51 
E-52 
E-5 3 
E-54 
E-55 
E-56 
E-5 7 
E-5 8 
E-59 
E-60 
E-61 
E-6 2 
E-63 
E-64 
E-65 
E-66 
E-6 7 
E-6 8 
E-69 
E-70 
E-71 
E-72 
E-73 
E-74 
E-75 
E-76 
E-7 7 
E-7 8 
E-79 
E-80 
E-81 
E-82 
E-83 
E-84 
E-85 
E-86 
E-87 
E-88 
E-89 
E-9 0 

21.00 
20.88 
21.12 
21.20 
21.60 
21.20 
21.20 
21.20 
21.20 
21.20 
21.60 
21.00 
21.00 
21.12 
21.20 
21.20 
21.20 
21.20 
21.20 
21.20 
21.20 
21.12 
20.80 
21.20 
21.20 
21.00 
20.88 
21.00 
21.00 
20.80 
21.12 
21.20 
21.28 
21.20 
21.00 
20.80 
20.80 
21.12 
21.00 
21.20 
20.80 
20.76 
21.00 
21.12 
21.00 
21.20 

130.5 
130.5 
130.5 
130.5 
132.2 
131.0 
131.0 
130.7 
131.0 
130.3 
131.6 
130.7 
130.3 
131.0 
130.8 
130.7 
130.8 
131.7 
131.7 
130.8 
130.7 
130.8 
129.5 
130.8 
131.5 
130.0 
130.1 
130.0 
130.0 
129.5 
130.3 
131.1 
131.7 
131.7 
130.0 
130.0 
130.0 
129.8 
130.0 
131.0 
129.8 
129.5 
130.5 
130.5 
130.0 
130.7 

174.0 
173.7 
173.7 
174.1 
175.7 
174.1 
173.9 
173.7 
173.9 
174.1 
176.0 
174.0 
173.7 
174.1 
173.9 
174.4 
174.0 
174.9 
174.9 
174.1 
174.2 
174.1 
172.8 
174.1 
174.2 
173.2 
173.7 
173.3 
173.3 
173.2 
174.0 
174.5 
175.2 
175.2 
173.2 
173.8 
173.6 
174.0 
173.6 
174.4 
173.3 
173.3 
173.8 
174 .O 
173.6 
174.4 
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3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.30 
3.25 
3.25 
3.25 
3.25 
3.30 
3.25 
3.30 
3.30 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.20 
3.20 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 

240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
242 
240 
240 
240 
240 
242 
240 
240 
240 
240 
240 
240 
240 
240 
243 
240 
240 
244 
240 
240 
240 
241 
241 
241 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 

0.534 
0.533 
0.539 
0.539 
0.537 
0.537 
0.538 
0.539 
0.538 
0.541 
0.539 
0.534 
0.536 
0.535 
0.539 
0.538 
0.538 
0.532 
0.532 
0.538 
0.538 
0.536 
0.537 
0.538 
0.535 
0.539 
0.534 
0.540 
0.540 
0.536 
0.537 
0.535 
0.533 
0.531 
0.540 
0.532 
0.533 
0.541 
0.538 
0.536 
0.535 
0.534 
0.533 
0.538 
0.538 
0.538 

16.17 
16.26 
16.08 
16.01 
15.70 
16.01 
16.01 
16.01 
16.01 
16.01 
16.40 
16.20 
16.17 
16.07 
16.02 
16.40 
16.02 
16.26 
16.26 
16.02 
16.02 
16.08 
16.33 
16.02 
16.22 
16.17 
16.26 
16.20 
15.95 
16.35 
16.07 
16.08 
16.02 
16.08 
16.17 
16.33 
16.33 
16.08 
16.17 
16.02 
16.33 
16.36 
16.17 
16.08 
16.17 
16.02 



TABLE I (Continued) 

Test Power 
No. Input-KV Voltage-V Current-Amps Flow-#/sec  Press.-Psi P r .  Factor  Efficiency-% 

Average 3 Phase Actual  Calculated 

E-91 21.00 
E-92 21.20 
E-93 20.80 
E-94 20.80 
E-95 21.00 
E-96 20.80 
E-97 20.80 
E-98 21.00 
E-99 21.12 
E-100 21.20 
E-101 21.20 
E-102 21.92 
E-103 21.68 
E-104 21.60 
E-105 21.60 
E-106 21.60 
E-107 20.80 
E-108 20.80 
E-109 21.20 
E-110 21.00 
E-111 21.20 
E-112 20.72 
E-113 20.80 
E-114 21.20 
E-115 21.00 
E-116 20.80 
E-117 21.20 
E-118 21.20 
E-119 20.80 
E-120 20.80 
E-121 20.88 
E-122 20.88 
E-123 21000 
E-124 21.00 
E-125 20.88 
E-126 20.84 
E-127 21.12 
E-128 20.60 
E-129 20.60 
E-130 20.24 
E-131 20.40 
E-132 20.20 
E-133 20.72 
E-134 20.80 
E-135 20.80 
E-136 20.80 

130.0 
130.0 
129.5 
129 e 5 
129.8 
129.5 
129 8 
131.0 
130.3 
131.0 
130.3 
134.0 
133.0 
133.0 
132.8 
133.0 
129.5 
130.0 
131.0 
130.5 
131.0 
129.5 
129 .O 
130.0 
130.0 
130.0 
131.0 
131.0 
130.0 
130.0 
131.0 
129.7 
130 3 
130.0 
130.0 
130.5 
130.7 
130 0 
130.0 
127.4 
128.0 
128.0 
130.0 
130.0 
130.0 
130.0 

173.7 
173.6 
173.2 
173.2 
173.7 
172.3 
173.0 
173.6 
174 a 0 
174.2 
174.1 
177.8 
176.6 
176.4 
176.4 
176.8 
174.0 
172.4 
174.8 
173.6 
173.6 
172.8 
171.2 
174.0 
173.2 
173.6 
174.0 
178.0 
173.2 
173.4 
174.0 
173.7 
173.7 
173.6 
173.6 
173.3 
173.7 
173.3 
172.0 
170.8 
171 2 
170.0 
172.0 
172.0 
171.6 
172.0 

3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.30 
3.35 
3.30 
3.25 
3.25 
3.20 
3.20 
3.25 
3.25 
3.20 
3.20 
3.20 
3.25 
3.20 
3.20 
3.20 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.30 
3.25 
3.20 
3.20 
3.25 
3.20 
3.25 
3.20 
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240 
241 
240 
240 
241 
240 
240 
240 
241 
241 
240 
240 
241 
241 
240 
243 
24 1 
239 
240 
240 
240 
236 
244 
242 
240 
240 
240 
242 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
241 
239 
240 
240 
240 
240 
240 
240 

0.537 
0.543 
0.536 
0.536 
0.538 
0.539 
0.536 
0.534 
0.539 
0.537 
0.540 
0.530 
0.534 
0.533 
0.530 
0.531 
0.534 
0.536 
0.535 
0.536 
0.539 
0.535 
0.539 
0.542 
0.539 
0.533 
0.538 
0.526 
0.534 
0.533 
0.529 
0.536 
0.536 
0.538 
0.535 
0.533 
0.538 
0.536 
0.533 
0.539 
0.538 
0.537 
0.536 
0.538 
0.539 
0.538 

16.17 
16.08 
16.33 
16.33 
16.24 
16.32 
16.33 
16.17 
16.15 
16.08 
16.02 
15.73 
16.21 
16.02 
15.85 
15.94 
16.17 
16.04 
15.99 
16.17 
15.77 
15.87 
16.32 
16.15 
15.92 
16.08 
15.77 
16.16 
16.33 
16.33 
16.26 
16  26 
16.17 
16.17 
16.26 
16.29 
16.08 
16.24 
16.80 
16.74 
16.39 
16.55 
16.39 
16.08 
16.33 
16.08 



TABLE I (Continued) 

Test  Power 
No. Input"? Voltage-V  Current-Amps Flow-#/set Press.-Psi  Pr.  Factor  Efficiency-% 

Average 3 Phase  Actual  Calculated 

E-137 
E-138 
E-139 
E-140 
E-141 
E-142 
E-143 
E-144 
E-145 
E-146 
E-147 
E-148 
E-149 
E-150 
E-151 
E-152 
E-153 
E-154 
E-155 
E-156 
E-15 7 
E-158 
E-159 
E-160 
E-161 
E-162 
E-16 3 
E-164 
E-165 
E-166 
E-167 
E-168 
E-169 
E-170 
E-171 
E-172 
E-173 
E-174 
E-175 
E-176 
E-177 
E-178 
E-179 
E-180 
E-181 
E-182 

20.80 
21.00 
21.20 
20.92 
21.12 
20.80 
20.60 
20.80 
20.80 
21.20 
20.80 
20.80 
20.88 
20.80 
20.80 
21.00 
21.04 
20.80 
21.00 
20.60 
20.80 
20.40 
20.40 
20.60 
20.52 
20.80 
20.60 
20.60 
20.56 
20.40 
20.40 
20.40 
21.20 
20.80 
20.32 
20.00 
20.80 
20.00 
20.00 
21.20 
20.80 
20.80 
20.80 
20.40 

130.0 
131.0 
129.5 
131.2 
131.2 
129.5 
130.0 
130.5 
130.0 
131.5 
130.0 
130.0 
130.5 
130.5 
131.0 
131.2 
132.0 
130.0 
131.0 
130.0 
130.0 
128.9 
128.8 
129.0 
130.2 
130.5 
129.3 
129.8 
128.7 
128.7 
128.7 
129.5 
131.5 
129.5 
128.0 
127.3 
131.0 
129.0 
129.2 
132.8 
130.5 
129.5 
131.0 
129.6 

172.0 
173.3 
171.2 
173.2 
173.5 
172.0 
171.3 
172.5 
172.0 
174.0 
172.3 
172.4 
172.8 
172.7 
172.3 
173.3 
173.9 
172.0 
172.8 
171.2 
171.9 
170.7 
170.5 
171.2 
172.5 
172.8 
171.6 
172.0 
171.1 
170.4 
170.9 
171.1 
173.3 
171.7 
170.1 
169.7 
173.3 
170.8 
170.9 
175.6 
174.0 
171.4 
173.5 
172.3 

3.20 
3.25 
3.23 
3.25 
3.25 
3.20 
3.20 
3.25 
3.20 
3.23 
3.25 
3.20 
3.20 
3.20 
3.20 
3.25 
3.28 
3.23 
3.25 
3.25 
3.25 
3.25 
3.20 
3.20 
3.25 
3.28 
3.20 
3.25 
3.20 
3.18 
3.17 
3.18 
3.25 
3.25 
3.17 
3.16 
3.30 
3.16 
3.18 
3.30 
3.28 
3.25 
3.25 
3.25 

240 
240 
239 
240 
240 
240 
240 
240 
240 
244 
240 
240 
240 
240 
240 
240 
240 
240 
240 
243 
239 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
241 
240 
240 
240 
240 
240 

0.538 
0.535 
0.553 
0.533 
0.536 
0.540 
0.540 
0.534 
0.538 
0.536 
0.537 
0.536 
0.535 
0.533 
0.533 
0.534 
0.530 
0.538 
0.536 
0.535 
0.538 
0.536 
0.537 
0.539 
0.528 
0.533 
0.535 
0.533 
0.540 
0.538 
0.536 
0.532 
0.537 
0.541 
0.539 
0.535 
0.529 
0.525 
0.524 
0.526 
0.529 
0.542 
0.529 
0.528 

\ No Data  Recorded 
< No Data  Recorded c 
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16.08 
16.19 
15.85 
16.23 
16.08 
16.08 
16.08 
16.33 
16.08 
16.18 
16.33 
16.08 
16.01 
16.08 
16.08 
16.17 
16.29 
16.22 
16.17 
16.64 
16.29 
16.64 
16.39 
16.23 
16.55 
16.47 
16.23 
16.48 
16.26 
16.29 
16.23 
16.29 
16.02 
16.32 
16.30 
16.50 
16.58 
16.51 
16.68 
16.26 
16.40 
16.30 
16.33 
16.65 



TABLE I (Continued) 

Test  Power 
No. Input-KW  Voltage-V  Surrent-Amps  Flow-#/sec  Press .-Psi Pr.  Factor  Efficiency-% 

Average 3 Phase Actual Calculated 

E-183 
E-184 
E-185 
E-186 
E-187 
E-188 
E-189 
E-190 
E-191 
E-192 
E-19 3 
E-194 
E-195 
E-196 
E-197 
E-198 
E-199 
E-200 
E-201 
E-202 
E-203 
E-204 
E-205 
E-206 
E-207 
E-208 
E-209 
E-210 
E-211 
E-212 
E-213 
E-214 
E-215 
E-216 
E-217 
E-218 
E-219 
E-220 
E-221 
E-222 
E-223 
E-224 
E-225 
E-226 
E-227 
E-228 
E-229 
E-230 

20.40 
20.40 
20.72 
20.64 
21.04 
20.56 
20.48 
20.80 
20.08 
20.32 
20.40 
21.12 
20.96 
21.12 
20.88 
20.96 
20.96 
21.00 
21.60 
21.20 
21.08 
21.24 
20.80 
20.40 
20.64 
20.80 
21.20 
21.00 
21.20 
21.12 
20.40 
20.84 
20.80 
20.48 
20.64 
20.80 
20.80 
20.08 
20.80 
20.80 
20.76 
20.52 
21.12 
20.88 
20.80 
21.20 
20.92 
20.76 

129.5 
129.5 
131.5 
131.5 
131.5 
129.5 
130.0 
131.5 
128.3 
129.4 
129.2 
131.7 
131.1 
132.1 
131.8 
131.7 
131.0 
132 .O 
131.0 
132.7 
131.6 
133.3 
130.7 
128.7 
130.5 
131.0 
132.9 
132.5 
132.7 
132.2 
128.7 
131.1 
130.5 
129.3 
130.3 
132.0 
131.0 
128.7 
130.2 
130.0 
131.0 
130.0 
131.8 
130.8 
130.9 
132.4 
131.0 
130.7 

171.1 
170.8 
173.5 
172.9 
173.3 
172.0 
170.8 
172.8 
170.0 
170.9 
170.5 
174.0 
173.2 
174 5 
173.6 
173.6 
173.1 
174.2 
173.3 
175.1 
174.0 
175.2 
172.9 
171.1 
172.4 
171.2 
175.0 
174.3 
174.5 
174.7 
171.1 
173.1 
173.1 
171.9 
172.5 
172.0 
171.2 
169.9 
172.2 
172.0 
173.2 
172.4 
173.9 
173.5 
173.1 
174.9 
173.5 
172.8 
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3.25 
3.30 
3.32 
3.30 
3.30 
3.30 
3.30 
3.31 
3.23 
3.28 
3.25 
3.25 
3.24 
3.28 
3.25 
3.25 
3.24 
3.25 
3.24 
3.30 
3.30 
3.30 
3.23 
3.20 
3.25 
3.20 
3.25 
3.23 
3.25 
3.25 
3.16 
3.24 
3.23 
3.20 
3.20 
3.25 
3.20 
3.16 
3.20 
3.23 
3.18 
3.18 
3.30 
3.23 
3.23 
3.25 
3.23 
3.23 

240 
240 
240 
240 
240 
240 
240 
240 
240 
2 39 
241 
241 
241 
240 
240 
240 
241 
241 
241 
240 
240 
240 
240 
240 
240 
240 
241 
241 
240 
240 
240 
240 
241 
240 
240 
240 
240 
234 
240 
240 
240 
240 
240 
240 
241 
241 
241 
241 

0.532 
0.533 
0.525 
0.525 
0.534 
0.534 
0.531 
0.529 
0.533 
0.531 
0.535 
0.533 
0.534 
0.529 
0.528 
0.530 
0.534 
0.528 
0.550 
0.527 
0.532 
0.526 
0.532 
0.535 
0.530 
0.536 
0.526 
0.526 
0.529 
0.529 
0.535 
0.531 
0.532 
0.533 
0.531 
0.530 
0.536 
0.531 
0.536 
0.538 
0.529 
0.529 
0.533 
0.531 
0.531 
0.529 
0.533 
0.531 

16.64 
16.80 
16.74 
16.71 
16.39 
16.77 
16.82 
16.65 
16.84 
16.81 
16.71 
16.14 
16.21 
16.23 
16.25 
16.20 
16.19 
16.20 
15.72 
16.26 
16.36 
16.23 
16.22 
16.39 
16.45 
16.07 
16.05 
16.10 
16.02 
16.08 
16.19 
16.24 
16.29 
16.33 
16.20 
16.33 
16.08 
15.96 
16.08 
16.23 
16.01 
16.19 
16.33 
16.16 
16.26 
16.05 
16.20 
16.32 



TABLE I (Continued) 

Test Power 
NO. Input-KW Voltage-V  Current-Amps Flow-flsec  Press.  - P s i  Pr.   Factor  Efficiency-% 

Average 3 Phase  Actual  Calculated 

E-231 
E-232 
E-233 
E-234 
E-235 
E-236 
E-237 
E-238 
E-239 
E-240 
E-241 
E-242 
E-243 
E-244 
E-245 
E-246 
E-247 
E-248 
E-249 
E-250 
E-251 
E-252 
E-253 
E-254 
E-255 
E-256 
E-25 7 
E-258 
E-259 
E-260 
E-261 
E-262 
E-263 
E-264 
E-265 
E-266 
E-267 
E-268 
E-269 
E-270 
E-271 
E-272 
E-273 
E-274 
E-275 
E-276 
E-277 

21.24 
20.40 
20.88 
20.88 
20.80 
20.80 
20.40 
20.60 
21.24 
20.80 
20.80 
21.04 
20.92 
20.64 
20.84 
21.00 
20.80 
20.64 
20.60 
20.40 
20.40 
20.48 
20.48 
20.84 
20.80 
20.76 
20.80 
20.40 
21.20 
20.84 
20.80 
20.72 
21.12 
21.08 
20.80 
20.20 
21.08 
20.76 
20.40 
20.20 
20.48 
20.44 
20.40 
20.60 
20.88 
20.00 
20.60 

133.5 
129.0 
131.7 
131.3 
130.7 
130.8 
128.8 
130.7 
132.7 
130.7 
130.7 
132.0 
131.7 
130.5 
131.2 
131.6 
131.3 
129.7 
130.0 
128.7 
129.3 
130.0 
129.3 
131.3 
129.8 
130.7 
131.0 
129.8 
132.8 
130.7 
130.3 
130.8 
131.7 
131.8 
130.5 
129.0 
132.8 
130.5 
129.7 
129.3 
129.7 
129.2 
129.7 
130.5 
131.2 
127.0 
130.0 

175.2 
171.6 
173.6 
173.5 
172.8 
172.7 
170.3 
172.1 
175.4 
173.2 
173.5 
174.7 
174.0 
172.4 
173.3 
173.6 
173.0 
172.0 
172.4 
171.1 
170.9 
172.5 
172.1 
173.9 
171.8 
172.9 
173.3 
171.6 
175.2 
172.7 
172.7 
172.7 
174.1 
174.2 
172.0 
170.0 
174.1 
172.3 
171.7 
171.6 
171.2 
171.5 
171.5 
172.3 
173.5 
169.2 
172.4 
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3.25 
3.20 
3.24 
3.25 
3.23 
3.25 
3.20 
3.25 
3.30 
3.30 
3.25 
3.30 
3.28 
3.28 
3.28 
3.25 
3.25 
3.25 
3.25 
3.20 
3.25 
3.25 
3.25 
3.30 
3.22 
3.25 
3.30 
3.20 
3.30 
3.28 
3.25 
3.28 
3.30 
3.30 
3.23 
3.15 
3.30 
3.28 
3.25 
3.20 
3.23 
3.23 
3.24 
3.25 
3.25 
3.20 
3.30 

240 
240 
240 
240 
240 
240 
234 
234 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
244 
244 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 

0.525 
0.533 
0.528 
0.530 
0.532 
0.532 
0.539 
0.531 
0.527 
0.531 
0.530 
0.527 
0.528 
0.530 
0.530 
0.531 
0.530 
0.535 
0.531 
0.536 
0.534 
0.528 
0.532 
0.528 
0.540 
0.533 
0.529 
0.529 
0.527 
0.534 
0.534 
0.530 
0.532 
0.531 
0.536 
0.532 
0.527 
0.534 
0.529 
0.526 
0.533 
0.533 
0.530 
0.530 
0.530 
0.538 
0.528 

15.39 
16.39 
16.21 
16.26 
16.22 
16.30 
15.91 
16.03 
16.23 
16.57 
16.33 
16.39 
16.39 
16.60 
16.46 
16.17 
16.33 
16.45 
16.48 
16.39 
16.65 
16.58 
16.58 
16.54 
16.18 
16.36 
16.58 
16.39 
16.26 
16.46 
16.33 
16.54 
16.33 
16.36 
16.50 
16.57 
16.36 
16.51 
16.65 
16.55 
16.48 
16.51 
16.59 
16.49 
16.26 
16.72 
16.74 



TABLE I (Continued) 

Test  Power 
No. Input-KW  Voltage-V  Current-Amps  Flow-#/sec  Press.-Psi  Pr.  Factor  Efficiency-2 

Average 3 Phase Actual  Calculated 

E-278 
E-279 
E-280 
E-281 
E-282 
E-283 
E-284 
E-285 
E-286 
E-287 
E-288 
E-289 
E-290 
E-291 
E-292 
E-293 
E-294 
E-295 
E-296 
E-297 
E-298 
E-299 
E-300 
E-301 
E-302 
E-303 
E-304 
E-305 
E-306 
E-307 
E-308 
E-309 
E-310 
E-311 
E-312 
E-313 
E-314 
E-315 
E-316 
E-317 
E-318 
E-319 
5 3 2 0  
E-321 
E-322 
E-323 
E-324 

20.84 
20.40 
20.40 
20.60 
20.76 
20.72 
20.80 
21.08 
20.84 
20.96 
21.00 
20.88 
20.80 
20.60 
20.80 
20.88 
21.20 
21.20 
20.96 
20.92 
20.80 
20.80 
20.44 
20.64 
21.00 
21.12 
20.64 
20.48 
20.80 
20.40 
21.08 
20.88 
21.20 
20.92 
21.16 
21.20 
21.12 
21.00 
21.16 
21.00 
20.52 
20.80 
21.20 
21.00 
21.16 
20.84 
20.40 

131.3 
129 .O 
129.5 
129.7 
130.7 
129.8 
130.5 
130.7 
130.9 
131.6 
131.6 
131.2 
130.5 
129.4 
131.0 
131.3 
132.1 
132.3 
131.7 
131.7 
130 3 
130.7 
128.8 
130.2 
131.5 
131.8 
130.2 
129.3 
130.7 
128.7 
131.8 
131.3 
133.0 
131.6 
131.9 
132 9 
131.9 
131.8 
132.1 
131.8 
129.7 
130.5 
131.8 
131.5 
132.3 
131.3 
129.2 

172.9 
171.0 
171.7 
172.0 
172.5 
171.7 
172.9 
173.7 
172.8 
173.5 
173.6 
173.3 
172.4 
171.6 
173.6 
173.2 
174.4 
174.5 
173.9 
174.0 
173.3 
172 8 
171.3 
172.4 
173.5 
174.0 
172.3 
171.6 
173.1 
170.8 
173.8 
173.7 
174.7 
173.7 
174.1 
175.3 
174.3 
174.0 
173.9 
173.9 
169.6 
172.3 
174.0 
173.7 
174.4 
173.6 
174.0 
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3.28 
3.25 
3.28 
3.28 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.23 
3.23 
3.23 
3.25 
3.25 
3.30 
3.28 
3.30 
3.23 
3.23 
3.18 
3.23 
3.25 
3.25 
3.20 
3.20 
3.23 
3.20 
3.23 
3.23 
3.28 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.18 
3.20 
3.23 
3.25 
3.25 
3.25 
3.25 

240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 

0.531 
0.533 
0.530 
0.534 
0.532 
0.537 
0.533 
0.533 
0.533 
0.530 
0.532 
0.531 
0.534 
0.538 
0.529 
0.530 
0.532 
0.531 
0.529 
0.528 
0.533 
0.532 
0.535 
0.532 
0.532 
0.532 
0.532 
0.534 
0.532 
0.536 
0.532 
0.529 
0.527 
0.529 
0.533 
0.526 
0.531 
0.529 
0.533 
0.530 
0.539 
0.535 
0.534 
0.531 
0.530 
0.529 
0.525 

16.46 
16.65 
16.80 
16.65 
16.36 
16.39 
16.33 
16.11 
16.30 
16.20 
16.17 
16.26 
16.23 
16.38 
16.23 
16.26 
16.02 
16.26 
16.36 
16.48 
16.22 
16.22 
16.25 
16.35 
16.17 
16.08 
16.20 
16.32 
16.22 
16.39 
16.01 
16.16 
16.17 
16.23 
16.05 
16.02 
16.08 
16.17 
16.05 
16.17 
16.19 
16.07 
15.92 
16.17 
16.05 
16.30 
16.39 



TABLE I (Continued) 

Tes t  Power 
No. Input-KW Voltage-V  Current-Amps  Flow-#/sec  Press.-Psi P r .  Factor   Eff ic iency-% 

Average 3 Phase  Actual  Calculated 

E-325 
E-326 
E-327 
E-328 
E-329 
E-330 
E-331 
E-332 
E-333 
E-334 
E-335 
E-336 
E-337 
E-338 
E-339 
E-340 
E-341 
E-342 
E-343 
E-344 
E-345 
E-346 
E-347 
E-348 
E-349 
E-350 
E-351 
E-352 
E-35 3 
E-354 
E-355 
E-356 
E-357 
E-35 8 
E-359 
E-360 
E-361 
E-362 
E-363 
E-364 
E-365 
E-366 
E-367 
%-368 
E-369 
E-370 

20.60 
20.80 
20.80 
21.00 
20.88 
20.40 
20.44 
20.80 
20.80 
21.16 
20.80 
20.84 
20.40 
20.80 
20.20 
20.40 
20.56 
20.60 
20.88 
21.04 
20.80 
20.84 
20.88 
20.88 
20.80 
20.72 
20.60 
20.60 
20.80 
20.88 
20.40 
20.76 
20.76 
20.60 
20.60 
20.60 
20.76 
20.80 
20.68 
20.80 
20.40 
20.40 
20.40 
20.60 
20.40 
20.76 

129.5 
131.3 
129.8 
132.0 
131.4 
129.5 
128.8 
131.0 
130.8 
132.5 
131.2 
131.5 
128.7 
130.5 
127.3 
129.3 
130.3 
130.2 
131.8 
131.8 
131.3 
131.3 
131.6 
131.9 
130.8 
130.7 
131.2 
130.8 
131.2 
131.2 
129.3 
131.1 
130.7 
130.4 
130.4 
130.3 
130.6 
130.9 
130.7 
130.8 
129.4 
129.4 
129.3 
130.7 
128.8 
131.0 

172.1 
172.3 
172.7 
174.3 
173.6 
171.2 
171.3 
173.3 
172.8 
174.1 
172.8 
173.6 
171.1 
173.0 
169.7 
171.2 
172.1 
172.5 
174.0 
173.9 
173.3 
173.1 
173.6 
174.3 
173.3 
172.8 
173.2 
172.8 
173.3 
173.3 
171.7 
173.5 
172.9 
172.5 
172.5 
172.5 
172.8 
172.9 
172.9 
173.2 
171.2 
171.7 
171.3 
173.0 
170.9 
173.3 

82 

3.18 
3.32 
3.23 
3.25 
3.25 
3.20 
3.18 
3.25 
3.25 
3.30 
3.25 
3.25 
3.23 
3.26 
3.20 
3.18 
3.25 
3.25 
3.30 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.23 
3.26 
3.30 
3.27 
3.23 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.30 
3.30 
3.22 
3.22 
3.22 
3.25 
3.20 
3.30 

240 
234 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
238 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 

0.534 
0.532 
0.536 
0 -528 
0.529 
0.532 
0.535 
0.530 
0.532 
0.530 
0.530 
0.528 
0.535 
0.533 
0.535 
0.533 
0.530 
0.530 
0.526 
0.531 
0.528 
0.530 
0.528 
0.525 
0.530 
0.530 
0.524 
0.527 
0.529 
0.531 
0.531 
0.528 
0.531 
0.529 
0.529 
0.530 
0.532 
0.531 
0.519 
0.531 
0.533 
0.531 
0.531 
0.527 
0.536 
0.529 

16.13 
16.12 
16.23 
16.17 
16.26 
16.39 
16.26 
16.33 
16.33 
16.30 
16.33 
16.30 
16.41 
16.38 
16.72 
16.29 
16.52 
16.49 
16.51 
16.14 
16.33 
16.29 
16.26 
16.26 
16.33 
16.39 
16.38 
16.53 
16.58 
16.36 
16.54 
16.36 
16.36 
16.49 
16.49 
16.49 
16.36 
16.33 
16.67 
16.58 
16.50 
16.50 
16.50 
16.49 
16.39 
16.61 



TABLE I (Continued) 

Test Power 
No. Input-KW Voltage-V  Current-Amps Flow-#/set P res s  .-Psi Pr.  Factor  Efficiency-% 

Average 3 Phase  Actual  Calculated 

E-371 
E-372 
E-373 
E-374 
E-375 
E-376 
E-377 
E-378 
E-379 
E-380 
E-381 
E-382 
E-383 
E-384 
E-385 
E-386 
E-387 
E-388 
E- 3 89 
E-390 
E-39 1 
E-392 
E-393 
E-394 
E- 39 5 
E-396 
E-397 
E-398 
E-399 
E-400 
E-401 
E-402 
E-403 
E-404 
E-405 
E-406 
E-407 
E-408 
E-409 
E-410 
E-411 
E-412 
E-413 
E-414 
0-415 
E-416 

20.80 
20.40 
20.40 
20.40 
20.72 
20.72 
20.84 
20.60 
20.68 
20.80 
20.60 
21.16 
20.84 
20.76 
20.72 
20.00 
20.60 
20.64 
20.44 
20.80 
20.80 
20.88 
20.68 
20.72 
20.72 
20.40 
20.68 
20.92 
20.72 
20.68 
20.76 
20.72 
20.60 
20.72 
20.72 
20.40 
20.40 
20.36 
20.48 
20.40 
20.80 
20.84 
20.60 
20.40 
20.48 
20.88 

131.0 
130.0 
129.7 
129.2 
130.4 
130.5 
131.2 
130.2 
130.2 
131.2 
130.5 
132.3 
131.3 
130.4 
130.4 
127.8 
130.3 
130.3 
130.3 
131.0 
130.7 
131.6 
130.4 
130.4 
130.6 
129.3 
130.2 
131.7 
130.3 
129.3 
131.0 
130.2 
130.2 
130.4 
130.5 
129.8 
129 .O 
128.3 
130.0 
129.0 
131.2 
131.2 
130.5 
129.2 
130.2 
131.7 

173.3 
172.0 
172.1 
171.3 
172.8 
172.7 
173.2 
173.9 
172.5 
173.3 
172.5 
174.8 
174.1 
173.1 
172.5 
170.0 
172.1 
172.9 
172.3 
174.1 
173.2 
173.6 
172.4 
172.8 
172.9 
171.3 
172.3 
173.6 
172.9 
171.3 
173.1 
172.3 
172.1 
173.2 
172.9 
172.1 
171.2 
170.8 
172.4 
171.3 
174.5 
173.5 
172.7 
171.2 
172.0 
173.5 

83 

3.30 
3.23 
3.25 
3.23 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.23 
3.30 
3.30 
3.25 
3.25 
3.18 
3.23 
3.23 
3.23 
3.30 
3.30 
3.30 
3.25 
3.25 
3.25 
3.23 
3.23 
3.30 
3.30 
3.30 
3.30 
3.25 
3.25 
3.25 
3.30 
3.23 
3.23 
3.23 
3.27 
3.22 
3.30 
3.25 
3.25 
3.23 
3.25 
3.30 

240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
241 
241 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 

0.529 
0.530 
0.528 
0.533 
0.532 
0.532 
0.530 
0.526 
0.532 
0.529 
0.529 
0.529 
0.527 
0.532 
0.532 
0.532 
0.531 
0.530 
0.526 
0.527 
0.531 
0.528 
0.532 
0.532 
0.530 
0.532 
0.533 
0.529 
0.532 
0.544 
0.530 
0.534 
0.531 
0.530 
0.531 
0.528 
0.534 
0.537 
0.528 
0.534 
0.527 
0.529 
0.528 
0.533 
0.529 
0.528 

16.58 
16.54 
16.65 
16.54 
16.39 
16.39 
16.30 
16.48 
16.42 
16.33 
16.38 
16.29 
16.55 
16.43 
16.46 
16.61 
16.38 
16.35 
16.51 
16.58 
16.58 
16.58 
16.42 
16.39 
16.39 
16.54 
16.32 
16.48 
16.64 
16.67 
16.61 
16.39 
16.49 
16.39 
16.64 
16.54 
16.54 
16.54 
16.68 
16.49 
16.58 
16.30 
16.49 
16.54 
16.58 
16.51 



TABLE I (Continued) 

Test Power 
No. Input-KW Voltage-V  Current-Amps  Flow-#/sec  Press.-Psi   Pr.   Factor  Efficiency-% 

Average 3 Phase   Ac tua l   Ca lcu la t ed  

E-417 
E-418 
E-419 
E-420 
E-421 

10,000 

x-1 
x-2 
x-3 
x-4 
x-5 
X-6 
x-7 
X- 8 
x-9 
x-10 
x-11 
x-12 
X-13 
X-14 
X-15 
X-16 
X-17 
X-18 

20  64 130.7 172.9 
20.80 131.3 173  3 
20.44 129 .O 171.3 
20.80 130.7 172 5 
20  80 131.2 173.6 

HOUR ENDURANCE TEST COMPLETED 

21.20 
21.20 
20  72 
21.00 
20.48 
20.80 
20.92 
20.80 
20.84 
20.88 
20.64 
21.00 
20.92 
21.00 
21.00 
21.00 
20.84 
20  72 

132.8 
132.2 
130.3 
132.3 
130.2 
131.0 
131.9 
131.5 
131.4 
131.6 
130.6 
132 1 
131.6 
132.0 
131.8 
131.5 
131.1 
130.5 

175  7 
174.9 
172.4 
173.9 
172.3 
172.9 
174.3 
173.5 
173.7 
174.0 
172.3 
174  4 
173.6 
174.4 
174.3 
174.5 
173.1 
172.8 

3.23 240  0.528 
3.23 240  0.528 
3.23 240  0.535 
3.27 240  0.533 
3.25 240  0.528 

- EXTRA TESTS (895 HOURS) LISTED BELOW 

3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 

84 

240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 

0.525 
0.530 
0.533 
0.528 
0.528 
0.531 
0.526 
0.527 
0.528 
0.527 
0.530 
0.527 
0.529 
0.527 
0.528 
0.529 
0.531 
0.531 

16.35 
16.23 
16.51 
16.43 
16.33 

16.00 
16.01 
16.39 
16.16 
16.57 
16.32 
16.21 
16.33 
16.30 
16.26 
16.45 
16.17 
16.23 
16.17 
16.17 
16.17 
16.30 
16.39 



TABLE I1 

ANALYSIS OF LIQUID METAL SAMPLES FROM PUMP TEST LOOPS - Impurities i n  Parts Per Million (ppm) 

Potassium NaK 

Sample No. 2589  2708  2761  2824  286  2  2929  3154  2763  2766  3186 

Hours on 
Endurance Teat 1000  2007  3036  4107  5058  6040  10,000  3036  3036  10,895 

Impurity 

02 

4 
C 

A 1  
B 
Ba 
Be 
Ca 
Cb 
co 
Cr 
cu 
Fe 
L i  
Ms 
Mn 
110 
N i  
Pb 
s i  
Sn 
Sr 
Ta 
T i  
V 
Zr 

03 cn 

596  3,4 4 4,4 
58 38 44 48 
<2 <2 - - 

9,11  22,28  21,25 
11,12  33 
<2 - - 



TABLE I11 

EM PUMP  RESISTANCE AND PRESSURE  MEASUREMENTS 

Temperatures OF Coil Resist.-Ohms Pressure ,   ps ia  

Date Front 

7/22  770 

" 

7/28  1070 

7/30  980 

811  900 

814  107 

8/13  1064 

8/18 1020 

912  1020 

10120  1033 

1212  1015 
12/23  945 
12/30  84 

2/16  1019 

412  1010 

514  1040 
5/20  1024 
7/20  1031 
10130  1030 

12/17 77 

Test Windings 
Back . -  

710 

998 

895 

855 

104 

992 

9 75 

972 

994 

970 
905 
84 

969 

960 

986 
976 
978 

9 65 

77 

Cavity Resist. t o  
Duct T1-2  T2-3  T3-l Ground-Ohms S t a t o r  Duct Remarks 
"" 

S t a t o r  

627 

942 

830 

7 80 

- 

900 

870 

865 

890 

860 
820 
86 

856 

870 

869 
866 
875 
770 

78 

820 

947 

1092 

840 

- 

1100 

930 

932 

922 

925 
915 
87 

925 

917 

931 
923 
925 
885 

79 

0.108  0.109  0.110 

0.145 0.140 0.143 

0.143  0.138  0.136 

0.129  0.128  0.130 

0.59  0.57  0.57 

0.134  0.134  0.135 

0.133  0.134  0.132 

0.143  0.145  0.142 

0.140  0.141  0.137 

0.136  0.141  0.137 
0.135  0.134  0.134 
0.53  0.52  0.52 

0.139  0.139  0.139 

0.137  0.137  0.137 

0.135  0.137  0.135 
0.130  0.130  0.131 
0.101  0.102  0.103 
0.141  0.141  0.140 

(2)  (2)  (2) 

0.046  0.046  0.046 

30 Meg (5OOV)  23 

0.68 Meg (500V)  30 

280K  24 

480K  22 

1.5 Pleg(50V) 9.1 

95K  23 

210K  22 

160K 22 

lOOK 21 

380K  20 
500K  20 
2 Meg (50V) 9 

420K  20 

180 i( 20 

12.5K/350K(1) - 
6 70K  20 
6.8K/3O5K(l1  20 
1.3 Meg 21 

0.036 (Windings <10 
Grounded) 

(; 1 h u S 1 e  reading  indicates   value a t  shutdown  and a f t e r  "Hi-pot" 
( 2 )  Coil reading  taken  before  start-up  of pump a f t e r  shutdown f o r   f a c i l i t y  

mnlrl:enal?ce 86 

19 

20 

22 

19 

10.0 

22 

20 

20 

20 

20 
20 
10.5 

19 

19 

- 
19 
19 
20 

10.7 

With 600°F 
NaK 
Design 
Point  Cond. 
Reduced 
Flow 

A t  Shut 
Down 
After 1 Wk 
Shut Down 
(Loop Hot) 
Test  a t  
Design  Point 
A t  S t a r t  of 
Endurance 
Test 

356 Hrs. 
of  End.Test 
1504 Hrs. 
Endur . 
2537 Hrs. 

3034 Hrs. 

Af te r  1 Wk. 
Shut Down 
4002 Hrs. 
Endur . 
5106 Hrs. 
Endur . 
5873 Hrs. 

6256 Hrs. 
7666 Hrs. 

Af te r  Endur. 
Test 

After  Shut 
Down (Resist .  
Data using 
Kelvin 
Bridge. 

(2) 



TABLE IV 

SUbIElARY OF FINAL PUMP  PERFORMANCE DATA 
WITH 60 Hz SINE WAVE POWER 

TEST  CONDITIONS (1) 
Line  To 

Test 
No. 

FP- 1 
FP-2 
FP- 3 
FP-3A 
FP-4 
FP-5 

FP-6 
FP-7 
FP- 8 
FP-9 
FP-10 

FP-I1 
FP-1lA 

FP-12 
FP-13 
FP-14 
FP-15 

Line  
Volts 

135.2 
135 .1  
134.6 
135.5 
135.5 
135.4 

85.5 
85.5 
85.3 
85.1 
85.2 

45.1 
45.2 

45.2 
45.2 
45.4 
45.0 

K Flow 
LbISec 

3.25 
3.75 
4.25 
4.78(2) 
2.75 
2.58 

3. 84(2) 
3.25 
2.50 
1.50 
0.60 

0.75 
0.38 

1.20 
1.60 
2.00 
2.49(2) 

TEST  RESULTS 
Head Line  Power Power Ef  f i- 
P r e s s  
P s i  

257.0 
187.0 
112.0 

27.0 
316.0 
334.0 

16.0 
61.5 

112.0 
167.0 
200.0 
206.5 (3) 

53.0 
57.3 
60.5(3) 

44.5 
35 .O 
22.1 

5.5 

Curren t  Inpu t  
MPS h?J 

178.9 22.2 
174.5 20.8 
170 0 19.3 
166 .O 17.6 
183.7 23.6 
184.8 24.0 

108.5 8.0 
112.0 8.6 
116.9 9 . 4  
122.3 10.2 
126.7 10.8 

67.2 3.1 
68.3  3.2 

66.0 3.0 
64.8  2.9 
63.4  2.8 
61.4  2.7 

Fac to r   c i ency  
2 % 
" 

53.0 16.38 
51.0 14.68 
48.7 10.75 
45.2 3.19 
54.8 16.03 
55.5 15.63 

49.8 3.34 
52.2 10.07 
54.3 13.02 
56.7 10.70 
58.1 4.82 

58.7 5.63 
59 .O 3.01 

57.9 7.76 
57.2 8.41 
56.4 6.83 
55.4 2.25 

(1) Pump I n l e t   P r e s s u r e  = 8 p s i a  
K I n l e t  Temp. = 1000°F 2 10°F 
N a K  I n l e t  Temp. = 800°F & 10°F wi th  50°AT except  250AT for 45 V. T e s t s  

(2) Maximum P o s s i b l e  Flow 

( 3 )  EIaximum P r e s s u r e  - tqo Flow 



SUMMARY OF  PUMP  PERFORMANCE  DATA 
WITH POWER  CONDITIONER  FURNISHING  QUASI-SQUARE WAVE POWER 

TEST  CONDITIONS (1) 

T e s t  
No. 

60 Hz 

CP-1 

CP-lA 
CP-2 
CP-3 
CP-3A 
CP-3B 
CP-4 
CP-5 

CP- 6 
CP- 7 
CP-8 
CP-9 
CP-10 

CP-11 
CP-1I.A 
CP-12 
CP-13 
CP-14 
CP-15 
CP-15A 

CP-14s 

CP-14SP 

45 Hz 

CP-16 
CP-16A 
CP-17 
CP-17A 
CP-18A 
CP-19 
CP-19A 
CP-19B 
CP-19c 
CP-20 

Line  To 
Line  

Vol t s (2)  

45.3 

45.5* 
45.2 
45.2 
45.5* 
84.7* 
45.2 
46.0 

84.5 
86.5 
85.8 
84.5 
84.2 

134.0 
135.0* 
134.5 
136.0 
137.0 
135.5 
136.5 

131.7 

K Flow 
LbISec 

0.75 

0.75 
1.20 
1.60 
1.60 
1.60 
1.80 
2.32(3) 

3.61(3) 
3.25 
2.50 
1.50 
0.75 

2.30 
2.30 
2.75 
3.30 
3.78 
4.25 
4.70(3) 

3.25 

TEST  RESULTS 
Head 
P r e s s  
P s i  

41.5 
56.5  (4) 
20.0 
36.0 
28.0 

6.0 
47.0 
21.5 

6.5 

11.5 
48.0 
88.5 

131.5 
148.0 
156.0  (4) 
281.0 
105.0 
246.0 
192.0 
143.0 

75.0 
25.0 

240.0 
(Shop  Power-Sine Wave) 
143.8  3.19  240.0 

Line  
Curren t  
AMPS 

60.1 

41.4 
59.4 
58.6 
41.2 
75.2 
58.0 
57.6 

102.0 
106.0 
108.0 
110.0 
111.2 

170.8 
119.2 
168.4 
167.6 
166.0 
162.0 
161.6 

174.6 

179.2 
(Power  Cond.-Quasi S q .  Wave-3 Capaci tors )  

45.7** 
45.0* 
45. o** 
85.2** 
45.5** 
45.5** 
85.2** 
45.0* 
84.0* 
46.0** 

0.75 
0.75 
1.20 
1.20 
1.48 
1.80 
1.90 
2.00 
2.00 

32.0 
30.0 
24.0 
97.0 
18.7 
14.0 
71.0 
5.0 

66 .O 

54.8 
51.0 
53.2 

100.8 
54.0 
53.0 

100.0 
50.7 
93.4 

Power 
I n p u t  

Kw 

2.42 

1.36 
2.38 
2.35 
1.30 
4.26 
2.32 
2.30 

7.00 
7.70 
8.00 
8.40 
8.50 

20.20 
10.56 
19.60 
19.20 
18.40 
17.20 
16.40 

21.00 

21.80 

1.90 
1.63 
1.83 
6.20 
1.82 
1.78 
6.08 
1.57 
6.54 

2.01(3)  5.0  53.4  1.78 
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Power E f  f i- 
~~~ ~ 

F a c t o r  
% 

51.6 

41.7 
51.2 
51.3 
40.1 
38.7 
51.5 
50.2 

46.7 
48.5 
49.9 
52.2 
52.5 

51.0 
37.8 
50.0 
48.7 
46.8 
45.3 
43.0 

52.8 

48.8 

43.9 
40.9 
43.2 
41.7 
43 .O 
42.7 
41.2 
39.8 
48.2 
41.9 

c iency  
e, 

5.60 

4.78 
7.89 
8.30 
3.23 
7.68 
7.24 
2.87 

2.58 
8.82 

12.05 
10.24 

5.67 

14.00 
9.94 

15.02 
14.38 
12.79 

8.08 
3.12 

16.18 

15.28 

5.53 
6.05 
6.80 
8.18 
6.96 
6.18 
9.65 
2.80 
8.79 
2.47 



TEST  CONDITIONS (1) 

Test 
No. 

25 Hz 

- 
- 
CP-8A 
CP-9A 
CP-21 

CP-2l.A 
CP-21B 
CP-22 
CP-22A 
CP-22B 
CP-23 
CP-24 
CP-25 
CP-254 

Line  To 
Line  

Vol t s (2)  

84.0* 
84.0** 
45.0 

45. o** 
45.5* 
45.0 
45.0** 
45.0 
45.5 
45.5 
46.0 
45.6* 

1- Flow 
Lb/Sec 

2.00 
1.50 
0.83 

0.83 
0.83 
1.20 
1.23 
1.20 
1.60 
1.80 
2.07(3) 
1.94(3) 

TABLE V (CONTINUED) 

TEST RESULTS 
Head L ine  Power 
P r e s s  
P s i  

54.0 
110.0 

70 .O 
87  O(4) 
62 .O 
51.0 
57.0 
42.0 
58.0 
36 .O 
22.0 

8.0 
5.0 

Curren t  I n p u t  
AEIPS KW 

141.6 6.90 
139.0 7.18 

89 .O 3.15 

81.0 
75.4 
89.4 
81.0 
89 .O 
9 1;o 
91.3 
92.4 
77.2 

2.70 
2.15 
3.00 
2.53 
3.01 
2.95 
2.94 
2.90 
2.03 

Power Ef  f i- 
Fac to r   c i ency  
" % 2 

33.5 6.81 
35.5 10.01 
45.5 8.03 

42.8 
36.2 
43.1 

43.4 
41.2 
41.0 
39.5 
33.3 

40.1 

8.30 
8.58 
9.93 
8.90 

10.01 
8.54 
5.84 
2.41 
2.07 

(1) Pump I n l e t   P r e s s u r e  = 8 p s i a  
K I n l e t  Temp. = 1000°F Ifi 10°F 
N a K  I n l e t  Temp. = 8000F 5 lOoF  1.7ith 50°AT except  25OAT f o r  45 V. Tests 

(2)   Three  Capaci tors  on DC Line   Input   Except  as Noted 

(3) lfaximum P o s s i b l e  Flow 

(4) Waximum Pres su re  - No FlO1-7 

*One Capaci tor  
**TWO Capaci tors  
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